Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



^^'l!i^l^^^'Jii|iJ^lllig 




C^SiHeM soHn 





K-iiiiiiiiHii iiiiniiii niiii Ilium' 



hnllllMlltHltllltllkltlMMIIIIIIItltllllllilltnillMUllnllMtllllHIUllllllllllUlH 






u 



TA 



\' 



\ 



X 



• 



LIVES 



OF THE 



ENGINE EES. 



THE LOCOMOTIVE. 



GEORGE AND ROBERT STEPHENSON. 



By SAMUEL SMILES, 

AUTHOR OP * CHARACTER,*'^ SELF-HKLP/ ETC, 



*Bid Harbonts open. Public Ways extend; 
Bid Temples, worthier of God, ascend ; 
Bid the broad Arch the dang'rons flood contain. 
The Mole prrjected break the roaring main. 
Back to his bonnds their snliject sea command, 
And roll obedient rivers through the land. 
These honours, Peace to happy Britain brings ; 
Theso are imperial works, and worthy kinga." 

POFB. 



A NEW AND REVISED EDITION. 






LONDON: 
JOHN MURRAY, ALBEMARLE STREET 

1879. 

2% right of Translation is reserved. 



Works by the same Author, 

LIVES OF THE ENGINEERS. Illustiated by 9 Steel Portraits and 
343 Engravings on Wood. 5 vols, crown 8vo. ^s^ 6d, each. 

VoL I. Embankmbnts and Canals — Vbrmuvdbn : Myddblton i 
Pbrry; Brindlby. * 

II. Harbours, Lighthousbs, and Bridgbs — Smbaton { 
Rbnnib. 

III. HisTORv or Roads — Mbtcalpb : Tblford. 

IV. Thb Stbam-bnginb — Boulton and Watt. 

V. Thb Locomotivb— Gborgb and Robbrt Stbphbnson. 

*•* Each Volume is complete in itself ^ and may be had separately. 



SELF-HELP ; or Illustrations op Conduct and Pbrsbvbrancb. 6f. 

CHARACTER. A Companion Volume to SELF-HELP. 6x. 

THRIFT. A Sequel to SELF-HELP and CHARACTER, (a. 

INDUSTRIAL BIOGRAPHY: Ironworkbrs and Toolmakbrs. 6f. 

THE HUGUENOTS: thbir Sbttlbmbnts, Churchbs, and Indus« 
tribs, in England and Irbland. Crown 8vo. 7;. td. 

LIFE OF A SCOTCH NATURALIST (Thomas Edward, A.L.S.> 
"••jCrown 8vo. 6*. 

til's 'Of ROBERT DICK (Bakbr op Thurso), Gbologist and 
.•*•*• Botanist. Crown 8vo. zm. 



bORSOV: PBISTBD BT WX. CLOWES AKD B0K8, LIUITKO^ 
BTAHTORD 8TSEBT AND CBAKIVO CK098. 






i. 

t 

^ INTRODUCTION. 

Q 

Since the appearance of this book in its original form; 

some seventeen years since, the construction of E ail ways 

has continued to make extraordinary progress. Although 

Great Britain, first in the field, had then, after about 

twenty-five years* work, expended nearly 300 millions 

sterling in the construction of 8300 miles of railway, it 

has, during the last seventeen years, expended about 288 

millions more in constructing 7780 additional miles. 

But the construction of railways has proceeded with 
equal rapidity on the Continent. France, Germany, Spain, 
Sweden, Belgium, Switzerland, Holland, have largely 
added to their railway mileage. Austria is actively en- 
gaged in carrying new lines across the plains of Hungary, 
which Turkey is preparing to meet by lines carried up 
the valley of the Lower Danube. Eussia is also occupied 
with extensive schemes for connecting Petersburg and 
Moscow with her ports in the Black Sea on the one hand, 
and with the frontier towns of her Asiatic empire on the 
other. 

Italy is employing her new-bom liberty in vigorously 
extendiujg railways throughout her dominions. A direct 
line of communication has already been opened between 
Prance and Italy, through the Mont Cenis Tunnel ; while 
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another has been opened between Germany and Italy 
through the Brenner Pass, — so that the entire journey 
may now be made by two different railway routes (ex- 
cepting only the short sea-passage across the English 
Channel) from London to Brindisi, situated in the south- 
eastern extremity of the Italian peninsula. 

During the last sixteen years, nearly the whole of the 
Indian railways have been made. When Edmimd Burke, 
in 1783, arraigned the British Government for their 
neglect of India in his speech on Mr. Fox's Bill, he said : 
" England has built no bridges, made no high roads, cut 

no navigations, dug out no reservoirs Were we to 

be driven out of India this day, nothing would remain 
to tell that it had been possessed, during the inglorious 
period of our dominion, by anything better than the 
ourang-outang or the tiger." 

But that reproach no longer exists. Some of the greatest 
bridges erected in modern times— such as those over the 
Sone near Patna, and over the Jumna at Allahabad— have 
been erected in connection with the Indian railways. More 
than 5000 miles are now at work, and they have been con- 
structed at an expenditure of about 88,000,000Z. of British 
capital, guaranteed by the British Government. The 
Indian railways connect the capitals of the thtee Presi- 
dencies — uniting Bombay with Madras on the south, and 
with Calcutta on the north-east — while a great main line, 
2200 miles in extent, passing through the north-western 
provinces, and connecting Calcutta with Lucknow, Delhi, 
Lahore, Moultan, and Kurrachee, unites the mouths of the 
Hpoghly in the Bay of Bengal with those of the Indus 
in the Arabian Sea. 
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When the first edition of this work ^appeared, in the 
beginning of 1857, the Canadian system of railways was 
but in its infancy. The Grand Trunk was only begun, 
and the Victoria Bridge — the greatest of all railway 
Btruotures — was not half erected. The Colony of Canada 
has now more than 3000 miles in active operation along 
the great valley of the St. Lawrence, connecting Biviere 
du Loup at the mouth of that river, and the harbour of 
Portland in the State of Maine, via Montreal and Toronto, 
with Samia on Lake Huron, and with Windsor, oppo- 
site Detroit in the State of Michigan. During the same 
time the Australian Colonies have been actively engaged 
in providing themselves with railways, many of which 
are at work, and others are in course of formation. The 
Cape of Good Hope has several lines open, and others 
making. France has constructed about 400 miles in 
Algeria ; while the Pasha of Egypt is the proprietor of 
360 miles in operation across the Egyptian desert. The 
Japanese are also making railroads. 

But in no country has railway construction been proee- 
siited with greater vigour than in the United States. 
There the railway furnishes not only the means of inter- 
communication between already established settlements, 
as in tha Old World ; but it is regarded as the pioneer of 
colonization, and as instrumental in opening up new and 
fertile territories of vast extent in the west, — the food- 
grounds of future nations. Hence railway construction in 
that country was scarcely interrupted even by the great 
Civil War, — at the commencement of which Mr. Seward 
publicly expressed the opinion that "physical bonds — 
such as highways, railroads, rivers, and canals — are vastly 
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n INTRODUCTION. 

more powerful for holding civil commuiiities togethez 
than any mere covenants, though written on parchment or 
engraved on iron/* 

The people of the United States were the first to follow 
the example of England, after the practicability of steam 
locomotion had been proved on the Stockton and Darling- 
ton, and Liverpool and Manchester Kailways. The first 
sod of the Baltimore and Ohio Eailway was cut on the 4th 
of July, 1828, and the line was completed and opened for 
traffic in the following year, when it was worked partly 
by horse-power, and partly by a locomotive built at 
Baltimore, which is still preserved in the Company's 
workshops. In 1830, the Hudson and Mohawk Eailway 
was begun, while other lines were under construction in 
Pennsylvania, Massachusetts, and New Jersey; and in the 
course often years, 1843 miles were finished and in opera- 
tion. In ten more years, 8827 miles were at work ; at the 
end of 1864, 35,000 miles ; and at the 31st of December, 
1873, not less than 70,651 miles were in operation, of 
which 3916 had been made during that year. One of the 
most extensive trunk-lines is the Great Pacific Eailioad, 
connecting the lines in the valleys of the Mississippi and 
the Missouri with the city of San Francisco on the shores 
of the Pacific, by means of which it is possible to make the 
journey from England to Hong Kong, via New York, in 
little more than a month. 

The results of the working of railways have been in 
many respects different from those anticipated by their 
projectors. One of the most unexpected has been the 
growth of an immense passenger-trafifio. The Stocktcn 
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and Darlington line was projected as a coal line only, anc' 
the Liverpool and Manchester as a merchandise line. Pas 
sengers were not taken into account as a source of revenue , 
for at the time of their projection, it was not believed that 
people would trust themselves to be drawn upon a rail- 
way by an " explosive machine," as the locomotive was de- 
scribed to be. Indeed, a writer of eminence declared that he 
would as soon think of being fired off on a ricochet rocket, 
as travel on a railway at twice the speed of the old stage- 
coaches. So great was the alarm which existed as to the 
locomotive, that the Liverpool and Manchester Committee 
pledged themselves in their second prospectus, issued in 
1825, "not to require any clause empowering its use;'* 
and as late as 1829, the Newcastle and Carlisle Act wa^ 
conceded on the express condition that the line should 
ru>t be worked by locomotives, but by horses only. 

Nevertheless, the Liverpool and Manchester Company 
obtained powers to make and work their railway without 
any such restriction ; and when the line was made and 
opened, a locomotive passenger-train was advertised to be 
run upon it, by way of experiment. Greatly to the sur- 
prise of the directors, more passengers presented them- 
selves as travellers by the train than could conveniently 
be carried. 

The first arrangements as to passenger-traffic were of 
a very primitive character, being mainly copied from the 
old stage-coach system. The passengers were " booked " 
at the railway office, and their names were entered in a 
way-bill which was given to the guard when the train 
started. Though the usual stage-coach bugleman could 
not conveniently accompany the passengers, the trains 
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were at first played out of the terminal stations by a lively 
tune performed by a trumpeter at the end of the platform ; 
and this continued to be done at the Manchester Station 
until a comparatively recent date. 

But the number of passengers can ied by the Liverpool 
and Manchester line was so unexpeotedly great, that it 
was very soon found necessary to remodel the entire sys- 
tem. Tickets were introduced, by which a great saving 
of time was effected. More roomy and commodious car- 
riages were provided, the original first-class compartments 
being seated for four passengers only. Everything was 
found to have been in the first instance made too light 
and too slight. The prize * Eocket,' which weighed only 
4 J tons when loaded with its coke and water, was found 
quite unsuited for drawing the increasingly heavy loads of 
passengers. There was also this essential difference be- 
tween the old stage-coach and the new railway train, that, 
whereas the former was " full " with six inside and ten 
outside, the latter must be able to accommodate whatever 
number of passengers came to be carried. Hence heavier 
and more powerful engines, and larger and more substan- 
tial carriages were from time to time added to the carrying 
stock of the railway. 

The speed of the trains was also increased. The first 
locomotives used in hauling coal-trains ran at from four 
to six miles an hour. On the Stockton and Darlington 
line the speed was increased to about ten miles an hour ; 
and on the Liverpool and Manchester line the first pas- 
senger-trains were run at the average speed of seventeen 
miles an hour, which at that time was considered very 
fast. But this was not enough When the London and 
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Birmingham line was opened, the mail-traina were run 
at twenty-three miles an hour; and gradually the speed 
went up, until now the fast trains are run at from fifty to 
sixty miles an hour, — the pistons in the cylinders, at sixty 
miles, travelling at the inconceivable rapidity of 800 feet 
per minute ! 

To bear the load of heavy engines run at high sj)eeds, 
a much stronger and heavier road was found necessary ; 
and shortly after the opening of the Liverpool and Man- 
chester line, it was entirely relaid with stronger materials. 
Now that express passenger-engines are from thirty to 
thirty-five tons each, the weight of the rails has been 
increased from 36 lbs. to 75 lbs. or 86 lbs. to the yard. 
Stone blocks have given place to wooden sleepers ; rails 
with loose ends resting on the chairs, to rails with their 
ends firmly " fished " together ; and in many places, where 
the traffic is unusually heavy, iron rails have been replaced 
by those of steel. 

And now see the enormous magnitude to which railway 
passenger-traffic has grown. In the year 1873, 401,465,086 
passengers were carried by day tickets in Great Britain 
alone. But this was not all. For in that year 257,470 
periodical tickets were issued by the different railways ; 
and assuming half of them to be annual, one-fourth half- 
yearly, and the remainder quarterly tickets, and that their 
holders made only five journeys each way weekly, this 
would give an additional number of 47,024.000 journeys, 
or a total of 448,489,086 passengers carried in Great 
Britain in one year. 

It is difficult to grasp the idea of the enormous numl)er 
of persons represented by these figures. The mind is 
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merely bewildered by tbem, and can form no adequate 
notion of their magnitude. To reckon them singly would 
occupy twenty-five years, counting at the rate of one a 
second for twelve hours every day. Or take another 
illustration. Supposing every man, woman, and child in 
Great Britain to make ten journeys by rail yearly, 
the number would greatly fall short of the passengers 
carried in 1873. 

Mr. Porter, in his * Progress of the Nation,' estimated 
that thirty millions of passengers, or about eighty-two 
thousand a day, travelled by coaches in Great Britain in 
1834, an average distance of twelve miles each, at an 
average cost of 6«. a passenger, or at the rate of 5d. a mile ; 
whereas above 448 millions are now carried by railway 
an average distance of 8 J miles each, at an average cost of 
Is. Ijd. per passenger, or about three halfpence per mile, 
in considerably less than one-fourth of the time. 

But besides the above number of passengers, over one 
hundred and sixty-two million tons of minerals and mer- 
chandise were carried by railway in the United Kingdom 
in 1873, besides mails, cattle, parcels, and other traffic. 
The distance run by passenger and goods trains in the 
year was 162,561,304 miles; to accomplish which it is 
estimated that four miles of railway must have been 
covered by running trains during every second all the 
year round. 

To perform this service, there were, in 1873, 11,255 
locomotives at work in the United Kingdom, consuming 
about four million tons of coal and coke, and flashing into 
the air every minute some forty tons of water in the form 
of steam in a high state of elasticity. There were also 
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24,644 passenger-oarriages, 9128 Tans ani breaks attached 
to passenger-trains, and 329,163 trucks, waggonjs, and 
other vehicles appropriated to merchandise. Backled 
together, buffer to buflfer, the locomotives and tenders 
would extend from London to Peterborough; while the 
carrying vehicles, joined together, would form two trains 
occupying a double line of railway extending from London 
to beyond Inverness, 

A notable feature in the growth of railway traffic of 
late years has been the increase in the number of third- 
class passengers, compared with first and second class. 
Sixteen years since, the third-class passengers constituted 
only about one-third; ten years later, they were about 
one-half; whereas now they form more than three-fourths 
of the whole number carried. La 1873, there were about 
23 million first-class passengers, 62 million second-class, 
and not less than 306 million third-class. Thus George 
Stephenson's prediction, " that the time would come 
when it would be cheaper for a working man to make 
a journey by railway than to walk on foot," is already 
verified. 

The degree of safety with which this great traffic has 
been conducted is not the least remarkable of its features. 
Of course, so long as railways are worked by men they 
will be liable to the imperfections belonging to all 
things human. Though their machinery may be perfect 
and their organisation as complete as skill and fore- 
thought can make it, workmen will at times be forget- 
ful and listless; and a moments carelessness may lead 
to the most disastrous results. Yet, taking all circum- 
stances into account, the wonder is, that travelling by 
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railway at high speed should have been rendered c )m- 
paratively so safe. 

To be struck by lightning is one of the rarest of all 
causes of death ; yet more persons are killed by light- 
ning in Great Britain than are killed on railways from 
causes beyond their own control. Most persons would 
consider the probability of their dying by hanging to be 
extremely remote ; yet, according to the Kegistrar-Gene- 
ral's returns, it is considerably greater than that of being 
icilled by railway accident. 

The remarkable safety with which railway traffic is on 
the whole conducted, is due to constant watchfulness and 
highly-applied skill. The men who work the railways 
are for the most part the picked men of the country, and 
every railway station may be regarded as a practical 
school of industry, attention, and punctuality. 

Few are aware of the complicated means and agencies 
that are in constant operation on railways day and night, 
to ensure the safety of the passengers to their journey's 
end. The road is under a system of continuous inspection. 
The railway is watched by foremen, with " gangs " of men 
under them, in lengths varying from twelve to five miles, 
according to circumstances. Their continuous duty is to 
see that the rails and chairs are sound, their fastenings 
complete, and the line clear of all obstructions. 

TheUj at all the junctions, sidings, and crossings, 
pointsmen are stationed, with definite instructions as to 
the duties to be performed by them. At these places, 
signals are provided, worked from the station platfoims, 
or from special signal boxes, for the purpose of protecting 
the stopping or passing trains. When the first railways 
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were opened, the signals were of a very simple kind. 
The station men gave them with their arms stretched out 
in different positions ; then flags of different colours were 
used ; next fixed signals, with arms or discs of rectangular 
or triangular shape. These were followed by a complete 
system of semaphore signals, near and distant, protecting 
all junctions, sidings, and crossings. 

When Government inspectors were first appointed by 
the Board of Trade to examine and report upon the work- 
ing of railways, they were alarmed by the number of 
trains following each other at some stations, in what then 
seemed to be a very rapid succession. A passage from a 
Report written in 1840 by Sir Frederick Smith, as to the 
traffic at " Taylor's Junction," on the York and North 
Midland Eailway, contrasts curiously with the railway 
life and activity of the present day : — " Here,'* wrote the 
alarmed Inspector, " the passenger trains from York as 
well as Leeds and Selby, meet four times a day. No less 
than 23 passenger-trains stop at or pass this station in 
the 24 hours — an amount of traffic requiring not only the 
most perfect arrangements on the part of the manage- 
ment, but the utmost vigilance and energy in the servants 
of the Company employed at this place." 

Contrast this with the state of things now. On the 
Metropolitan Line, 667 trains pass a given point in one 
direction or the other during the eighteen hours of the 
working day, or an average of 36 trains an hour. At 
the Cannon Street Station of the South-Eastem Eailway, 
627 trains pass in and out daily, many of them crossing 
each other's tracks under the protection of the station- 
signals. Forty-five trains run in and out between 9 and 
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10 A.M., and an equal number between 4 and 5 f.m. 
Again, at the Clapham Junction, near London, about 
700 trains pass or stop daily ; and though to the casual 
observer the succession of trains coming and going, run- 
ning and stopping, coupling and shunting, appears a scene 
of inextricable confusion and danger, the whole is clearly 
intelligible to the signalmen in their boxes, who work the 
trains in and out with extraordinary precision and regu- 
larity. 

The inside of a signal-box reminds one of a pianoforte 
on a large scale, the lever-handles corresponding with the 
keys of the instrument ; and, to an uninstructed person, 
to work the one would be as difl&cult as to play a tune on 
the other. The signal-box outside Cannon Street Station 
contains 67 lever-handles, by means of which the signal- 
men are enabled at the same moment to communicate with 
the drivers of all the engines on the line within an area of 
800 yards. They direct by signs, which are quite as in- 
intelligible as words, the drivers of the trains starting 
from inside the station, as well as those of the trains 
arriving from outside. By pulling a lever-handle, a dis- 
tant signal, perhaps out of sight, is set some hundred 
yards off, which the approaching driver — reading it 
quickly as he comes along — at once interprets, and stops 
or advances as the signal may direct. 

The precision and accuracy of the signal-machinery 
employed at important stations and junctions have of late 
years been much improved by an ingenious contrivance, 
by means of which the setting of the signal prepares the 
road for the coming train. When the signal is set at 
** Danger," the points are at the same time worked, and 
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the road is " locked " against it ; and when at ** Safety, 
the road is open, — the signal and the points exactly cor- 
responding. 

The Electric Telegraph has also been found a valuable 
auxiliary in ensuring the safe working of large railway 
traffics. Though the locomotive may run at 60 miles an 
hour, electricity, when at its fastest, travels at the rate of 
288,000 miles a second, and is therefore always able to 
herald the coming train. The electric telegraph may, 
indeed, be regarded as the nervous system of the railway. 
By its means the whole line is kept throbbing with intel- 
ligence. The method of working the electric signals 
varies on different lines ; but the usual practice is, to 
divide a line into so many lengths, each protected by 
its signal-stations, — the fundamental law of telegraph - 
working being, that two engines are not to be allowed to 
run on the same line between two signal-stations at the 
same time. 

When a train passes one of such stations, it is imme- 
diately signalled on — ^usually by electric signal-bells — 
to the station in advance, and that interval of railway is 
" blocked "' until the signal has been received from the 
station in advance that the train has passed it. Thus 
an interval of space is always secured between trains fol- 
lowing each other, which are thereby alike protected before 
and behind. And thus, when a train starts on a journey, 
it may be of hundreds of miles, it is signalled on from 
station to station — it " lives along the line,'' — until at 
length it reaches its destination and the last signal of 
** train in " is given. By this means an immense number 
of trains can be worked with regularity and safety. On 
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the South-Eastem Eailway, where the system has been 
brought to a state of high efficiency, it is no unusual thing 
during Easter week to send 600,000 passengers through 
the London Bridge Station alone ; and on some days as 
many as 1200 trains a-day. 

While such are the expedients adopted to ensure safety, 
others equally ingenious are adopted to ensure speed. In 
the case of express and mail trains, the frequent stopping 
of the engines to take in a fresh supply of water occasions 
a considerable loss of time on a long journey, each stoppage 
for this purpose occupying from ten to fifteen minutes. 
To avoid such stoppages, larger tenders have been provided, 
capable of carrying as much as 2000 gallons of water each. 
But as a considerable time is occupied in filling these, a 
plan has been contrived by Mr. Eamsbottom, the Loco- 
motive Engineer of the London and North- Western Kail- 
way, by which the engines are made to feed themselved 
while running at full speed I The plan is as follows : — 
An open trough, about 440 feet long, is laid longitudinally 
between the rails. Into this trough, which is filled with 
water, a dip-pipe or scoop attached to the bottom of the 
tender of the running train is lowered ; and, at a speed of 
50 miles an hour, as much as 1070 gallons of water are 
scooped up in the course of a few minutes. The first of 
such troughs was laid down between Chester and Holy- 
head, to enable the Express Mail to run the distance of 
84j miles in two hours and five minutes without stopping ; 
and similar troughs have since been laid down at Bushey 
near London, at Castlethorpe near V\ olverton, and at Park- 
side near Liverpool. At these four troughs about 130,000 
gallons of water are scooped up daily. 
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Wherever railways have been made, new towns have 
sprang up, and old towns and cities been quickened into 
new life. When the first English lines were projected, 
great were the prophecies of disaster to the inhabitants ot 
the districts through which they were proposed to be 
forced. Such fears have long since been dispelled in this 
country. The same prejudices existed in France. When 
the railway from Paris to Marseilles was laid out so as tc 
pass through Lyons, a local prophet predicted that if the 
line were made the city would be ruined — " ViUe traversSe, 
viUe perdue ;" while a local priest denounced the locomotive 
and the electric telegraph as heralding the reign of Anti- 
christ But such nonsense is no longer uttered. Now it 
is the city without the railway that is regarded as the 
" city lo^t ; " for it is in a measure shut out from the rest 
of the world, and left outside the pale of civilisation. 

Perhaps the most striking of all the illustrations that 
could be offered of the extent to which railways facilitate 
the locomotion, the industry, and the subsistence of the 
population of large towns and cities, is afforded by the 
working of the railway system in connection with the 
capital of Great Britain. 

The extension of railways to London has been of com- 
paratively recent date ; the whole of the lines connecting 
it with the provinces and terminating at its outskirts, 
having been opened during the last thirty years, while the 
lines inside London have for the most part been opened 
within the last sixteen years. 

The first London line was the Greenwich Railway, part 
of which was opened for traffic to Deptford in February 
1836. The working of this railway was first exhibited as 
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a eho^v, and the usual attractions were employed to make 
it " draw." A band of musicians in the garb of the Beef- 
eaters was stationed at the London end, and another band 
at Deptford. For cheapness' sake the Deptford band was 
shortly superseded by a large barrel-organ, which played 
in the passengers ; but when the traffic became established, 
the barrel-organ, as well as the beef-eater band at the 
London end, were both discontinued. The whole length 
pf the line was lit up at night by a row of lamps on either 
side like a street, as if to enable the locomotives or the 
passengers to see their way in the dark ; but these lamps 
also were eventually discontinued as unnecessary. 

As a show, the Greenwich Railway proved tolerably 
successful. During the first eleven months it carried 
456,750 passengers, or an average of about 1300 a-day. 
But the railway having been found more convenient to 
the public than either the river boats or the omnibuses, 
the number of passengers rapidly increased^. When the 
Croydon, Brighton, and South-Eastem Hallways began to 
pour their streams of traffic over the Greenwich viaduct, 
its accommodation was found much too limited; and it 
was widened from time to time, until now nine lines of 
railway are laid side by side, over which more than twenty 
millions of passengers are carried yearly, or an average of 
about 60,000 a day all the year round. 

Since the partial opening of the Greenwich Railway in 
1836, a large extent of railways has been constructed in 
and about the metropolis, and convenient stations have 
been established almost in the heart of the City. Sixteen 
of these stations are within a circle of half a mile radius 
from the Mansion House, and above three hundred stations 
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aro in actual use within about five miles of Charing 
Croes. 

To accommodate this vast traffic, not fewer than 3600 
local trains are run in and out daily, besides 340 trains 
which depart to and arrive from distant places, north, 
south, east, and west. In the morning hours, between 
8.30 and 10.30, when business men are proceeding inwards 
to their offices and counting-houses, and in the afternoon 
between four and six, when they are returning outwards 
to their homes, as many as two thousand stoppages are 
made in the hour, within the metropolitan district, for 
the purpose of taking up and setting down passengers, 
while about two miles of railway are covered by the 
running trains. 

One of the remarkable effects of railways has been to 
extend the residential area of all large towns and cities. 
This is especially notable in the case of London. Before 
the introduction of railways, the residential area of the 
metropolis was limited by the time occupied by business 
men in making the journey outwards and inwards daily ; 
and it was for the most part boimded by Bow on the east, 
by Hampstead and Highgate on the north, by Paddington 
and Kensington on the west, and by Clapham and Brixton 
on the south. But now that stations have.been established 
near the centre of the city, and places so distant as 
Waltham, Bamet, Watford, Hanwell, Eichmond, Epsom, 
Croydon, Reigate, and Erith, can be more quickly reached 
by rail than the old suburban quarters were by omnibus, 
the metropolis has become extended in all directions along 
its railway lines, and the population of London, instead of 
living in the City or its immediate vicinity, as formerly, 
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hare come to occupy a residential area of not lees than sii 
hundred square miles I 

The number of new towns which have consequently 
sprung into existence near London within the last twenty 
years has beeuvvery great; towns numbering from ten to 
twenty thousand inhabitants, which before were but vil- 
lages, — if, indeed, they existed. This has especially been 
the case along the lines south of the Thames, principally 
in consequence of the termini of those lines being more 
conveniently situated for city men of busineiss. Hence 
the rapid growth of the suburban towns up and down 
the river, from Eichmond and Staines on the west, to Erith 
and Gravesend on the east, and the hives of population 
which have settled on the high grounds south of the 
Thames, in the neighbourhood of Norwood and the Crystal 
Palace, rapidly spreading over the Surrey Downs, from 
Wimbledon to Guildford, and from Bromley to Croydon, 
Epsom, and Dorking. And now that the towns on the 
south and south-east coast can be reached by city men in 
little more time than it takes to travel to Clapham or 
Bayswater by omnibus, such places have become as it were 
parts of the great metropolis, and Brighton and Hastings 
are but the marine suburbs of London. 

The improved state of the communications of the City 
with the country has had a marked effect upon its popu- 
lation. While the action of the railways has been to add 
largely to the number of persons living in London, it has 
also been accompanied by their dispersion over a much 
larger area. Thus the population of the central parts of 
London is Constantly decreasing, whereas that of the 
suburban districts is as constantly increasing. The popu- 
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lation of the City fell off more than 10,000 between 1851 
and 1861 ; and during the same period, that of Holbom, 
the Strand, St. Martin's-in-the-Fields, St. James's, West- 
minster, East and West London, showed a considerable 
decrease. But, as regards the whole mass of the metro- 
politan population, the increase has been enormous. Thus, 
starting from 1801, when the population of London was 
958,863, we find it increasing in each decennial period at 
the rate of between two and three hundred thousand, until 
the year 1841, when it amounted to 1,948,369. Eailways 
had by that time reached London, after which its popula- 
tion increased at nearly double the former ratio. In the 
ten years ending 1851, the increase was 513,867 ; and in 
the ten years ending 1861, 441,753 ; until now, to quote 
the words of the Kegistrar-General in a recent annual 
Eeport, " the population within the registration limits is 
by estimate 2,993,513 ; but beyond this central mass there 
is a ring of life growing rapidly, and extending along 
railway lines over a circle of fifteen miles from Charing 
Cross. The population within that circle, patrolled by the 
metropolitan police, is about 3,463,771 " I 

The aggregation of so vast a number of persons within 
80 comparatively limited an area — the immense quantity 
of food required for their daily sustenance, as well as of 
fuel, clothing, and other necessaries — would be attended 
with no small inconvenience and danger, but for the 
facilities again provided by the railways. The provisioning 
of a garrison of even four thousand men is considered a 
formidable affair ; how much more so the provisioning oi 
nearly four millions of people I 

The whole mystery is explained by the admirable 
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organisation of the railway service, and the regularity an3 
despatch with which it is conducted. We are enabled 
by the courtesy of the General Managers of the London 
railways to bring together the following brief summary of 
facts relating to the food supply of London, which will 
probably be regarded by most readers as of a very remark- 
able character. 

Generally speaking, the railways to the south of the 
Thames contribute comparatively little towards the feed- 
ing of London. They are, for the most part passenger and 
residential lines, traversing a limited and not very fertile 
district bounded by the sea-coast ; and, excepting in fruit 
and vegetables, milk and hops, they probably carry more 
food from London than they bring to it. The principal 
supplies of grain, flour, potatoes, and fish, are brought by 
railway from the eastern counties of England and Scot- 
land ; and of cattle and sheep, beef and mutton, from the 
grazing counties of the west and north-west of Britain, as 
far as the Highlands of Scotland, which have, through the 
instrumentality of railways, become part of the great 
grazing grounds of the metropolis. 

Take first " the staff of life " — bread and its constituents. 
Of wheat, not less than 222,080 quarters were brought into 
London by railway in 1867, besides what was brought by 
sea; of oats 151,757 quarters; of barley 70,282 quai*ters; 
of beans and peas 51,448 quarters. Of the wheat and 
barley, by far the largest proportion is brought by the 
Great Eastern Eailway, which delivers in London in one 
year 155,000 quarters of wheat and 45,500 quarters of 
barley, besides 600,429 quarters more in the form of malt. 
The largest quantity of oats is brought by the Great 
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Northern Eailway, principally from the north of England 
and the East of Scotland, — the quantity delivered by that 
Company in 1867 having been 97,600 quarters, besides 
24,664 quarters of wheat, 5560 quarters of barley, and 
103,917 quarters of malt. Again, of 1,250,566 sacks of 
flour and meal delivered in London in one year, the 
Great Eastern brings 654,000 sacks, the Great Northern 
232,022 sacks, and the Great Western 136,312 sacks; 
the principal contribution of the London and North- 
Western Kailway towards the London breadnstores being 
100,760 boxes of American flour, besides 24,300 sacks 
of English. The total quantity of malt delivered at the 
London railway stations in 1867 was thirteen hundred 
thousand sacks. 

Next, as to flesh meat. In 1867, not fewer than 172,300 
head of cattle were brought to London by railway, — 
though this was considerably less than the number carried 
before the cattle-plague, the Great Eastern Eailway alone 
having carried 44,672 less than in 1864. But this loss 
has since been more than made up by the increased quan- 
tities of fresh beef, mutton, and other kinds of meat im- 
ported in lieu of the live animals. The principal supplies 
of cattle are brought, as we have said, by the Western, 
Northern, and Eastern lines : by the Great Western from 
the western counties and Ireland; by the London and 
North- Western, the Midland, and the Great Northern 
from the northern counties and from Scotland ; and by the 
Great Eastern from the eastern counties and from the 
ports of Harwich and Lowestoft. 

In 1867, also, 1,147,609 sheep were brought to London 
by railway, of which the Great Eastern delivered not less 
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than 265,371 head. The London and North-Westem and 
Great Northern between them brought 390,000 head from 
the northern English counties, with a large proportion from 
the Scotch Highlands. While the Great Western brough** 
up 130,000 head from the Welsh mountains and from the 
rich grazing districts of Wilts, Gloucester, Somerset, and 
Devon. Another important fr-eight of the London and 
North-Westem Eailway consists of pigs, of which they 
delivered 64,700 in London, principally Irish ; while the 
Great Eastern brought up 27,500 of the same animal, 
partly foreign. 

While the cattle-plague had the effect of greatly re- 
ducing the number of live stock brought into London 
yearly, it gave a considerable impetus to the Fresh 
Meat traffic. Thus, in addition to the above large num- 
bers of cattle and sheep delivered in London in 1867, the 
railways brought 76,175 tons of meat, which — taking, 
the meat of an average beast at 800 lbs., and of an average 
sheep at 64 lbs. — would be equivalent to about 112,000 
more cattle, and 1,267,500 more sheep. The Great 
Northern brought the largest quantity ; next the London 
and North-Westem ; — these two Companies having brought 
up between them, from distances as remote as Aberdeen 
and Inverness, about 42,000 tons of fresh meat in 1867, at 
an average freight of about J«?. a lb. 

Again as regards Fish, of which six-tenths of the whole 
quantity consumed in London is now brought by rail. 
The Great Eastern and the Great Northern are by far the 
largest importers of this article, and justify their claim to 
be regarded as the great food lines of London. Of the 
61 358 tons of fish brought by railway in 1867, not lesi 



INTRODUCTION. XXV 

than 24,500 tons were delivered by the former, ana 
22,000 tons, brought from much longer distances, by the 
latter Company. The London and Korth- Western brought 
about 6000 tons, the principal part of which was salmon 
from Scotland and Ireland. The Great Western also 
brought about 4000 tons, partly salmon, but the greater 
part mackerel from the south-west coast. During the 
mackerel season, as much as a hundred tons at a time are 
brought into the Paddington Station by express fish-train 
from Cornwall. 

The Great Eastern and Great Northern Companies are 
also the principal carriers of turkeys, geese, fowls, and 
game; the quantity delivered in London by the former 
Company having been 5042 tons. In Christmas week no 
fewer than 30,000 turkeys and geese were delivered at the 
Bishopsgate Station, besides about 300 tons of poultry, 
10,000 barrels of beer, and immense quantities of fish, 
oysters, and other kinds of food. As much as 1600 tons of 
poultry and game were brought last year by the South- 
western Eailway; 600 tons by the Great Northern 
Bailway ; and 130 tons of turkeys, geese, and fowls, by 
the London, Chatham and Dover line, principally from 
France. 

Of miscellaneous articles, the Great Northern and the 
Midland each brought about 3000 tons of cheese, the 
South-Westem 2600 tons, and the London and North- 
western 10,034 cheeses in number; while the South- 
Westem and Brighton lines brought a splendid contribu- 
tion to the London breakfast-table in the shape of 11,259 
tons of French eggs; these two Companies delivering 
between them an average of more than three millions of 
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Whatever may be said of the financial management 
of railways, there can be no doubt as to the great benefits 
conferred by them on the public wherever made. Even 
those railways which have exhibited the most " frightful 
examples " of financing and jobbing, have been found to 
prove of unquestionable public convenience and utility. 
And notwithstanding all the faults and imperfections that 
have been alleged against railways, we think that they 
must, nevertheless, be recognised as by far the most 
valuable means of communication between men and nations 
that has yet been given to the world. 

The author's object in publishing this book in its original 
form, was to describe, in connection with the *Life of 
George Stephenson,' the origin and progress of the railway 
system, — to show by what moral and material agencies 
its founders were enabled to carry their idea* into effect, 
and work out results which even then were of a remark- 
able character, though they have since, as above described, 
become so much more extraordinary. The favour with 
which successive editions of the book have been received, 
has justified the author in his anticipation that such a 
narrative would prove of general, if not of permanent 
interest. 

The book was written with the concurrence and assist- 
ance of Robert Stephenson, who also supplied the necessary 
particulars relating to himself. Such portions of these 
were accordingly embodied in the narrative as could with 
propriety be published during his lifetime, and the re- 
maining portions have since been added, with the object 
of rendering more complete the record of tbe son's life^ 
as well as of the early history of the Bailway system. 
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CHAPTEB L 
Nkwoastle and the Great Nobthebn Coal-Fibld. 



Ik no quarter of England liave greater changes been 
wrought by the successive advances made in the practical 
science of engineering than in the extensive colliery districts 
of the North, of which Newcastle-upon-Tyne is the centre 
and the capital 

In ancient times the Eomans planted a colony at New- 
castle, throwing a bridge across the Tyne near the site of 
the low-level bridge shown in the prefixed engraving, and 
erecting a strong fortification above it on the high ground 
now occupied by the Central Kailway Station. North and 
north-west lay a wild country, abounding in moors, moun- 
tains, and morasses, but occupied to a certain extent by 
fierce and barbarous tribes. To defend the young colony 
p against their ravages, a strong wall was built by the 

Romans, extending from Wallsend on the north bank of the 
Tyne, a few miles below Newcastle, across the country to 
Bnrgh-upon-Sands on the Solway Frith. The remains of 
the wall are still to be traced in the less populous hill- 
iisiricts of NoiiJiumberland. In the neighbourhood of 
Newcaatle they have been gradually effaced by the works of 
Bucceeding generations^ though the '* Wallsend " ccel con- 
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a busy centre of peacefal industiy, and the outlet for a vast 
amount of steam-power, which is exported in the form of 
coal to all parts of the world. Newcastle is in many 
respects a town of singular and curious interest, especially 
in its older parts, which are full of crooked lanes and nar- 
row streets, wynds, and chares,* formed by tall, antique 
houses, rising tier above tier along the steep northern bank 
of the Tyne, as the similarly precipitous streets of Gates- 
head crowd the opposite shore. 

All over the coal region, which extends from the Coquet 
to the Tees, about fifty miles from north to south, the sur- 
face of the soil exhibits the signs of extensive underground 
workings. As you pass through the country at night, the 
earth looks as if it were bursting with fire at many points ; 
the blaze of coke-ovens, iron-furnaces, and coal-heaps red- 
dening the sky to such a distance that the horizon seems 
to be a glowing belt of fire. 

From the necessity which existed for fticilitating the 
transport of coals from the pits to the shipping places, it 
is easy to understand how the railway and the locomotive 
should have first foimd their home in such a district as we 
have thus briefly described. At an early period the coal 
was carried to the boats in panniers, or in sacks upon 
horses' backs. Then carts were used, to facilitate the pro- 
gress of which tramways of flag-stone were laid down. 
This led to the enlargement of the vehicle, which became 
known as a waggon, and it was mounted on four wheels 
instead of two. A local writer about the middle of the 
seventeenth century says, "Many thousand people are 
engaged in this trade of coals ; many live by working of 



* In the Newcastle dialect, a 
cliare is a narrow street or lane. 
At the local assizes some years 
since, one of the witnesses in a 
oriminal trial swore that " he saw 
three men come out of the foot of a 
thare," The judge cautioned the 



jury not to pay any regard to the 
man's evidence, as he must be in- 
sane. A Uttle explanation by the 
foreman, however, satisfied his lord- 
ship that the original statement waa 
correct. 
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them in the pits; and many live by conveying them in 
waggons and wains to the river Tyne." 

8till farther to facilitate the haulage of the waggons, 
pieces of planking were laid parallel upon wooden sleepers, 
or imbedded in the ordinary track, by which friction was 
still further diminished. It is said that these wooden railb 
were first employed by one Beaumont, about 1630 ; and on 
a road thus laid, a single horse was capable, of drawing a 
large loaded waggon from the ooal-pit to the shipping 
staith. Eoger North, in 1676, found the practice had become 
extensively adopted, and he speaks of the large sums then 
paid for way-leaves ; that is, the permission granted by the 
owners of lands lying between the coal-pit and the river-side 
to lay down a tramway between the one and the other. A 
century'- later, Arthur Young observed that not only had 
these roads become greatly multiplied, but important works 
had been constructed to carry them along upon the same 
level. " The coal- waggon roads from the pits to the water," 
he says, ** are gi'eat works, carried over all sorts of inequali- 
ties of ground, so far as the distance of nine or ten miles. 
The tracks of the wheels are marked with pieces of wood 
let into the road for the wheels of the waggons to run on, by 
which one horse is enabled to draw, and that with ease, 
fifty or sixty bushels of coals.''* 

Similar waggon-roads were laid down in the coal dis- 
tricts of Wales, Cumberland, and Scotland. At the time 
of the Scotch rebellion in 1745, a tramroad existed between 
the Tranent coal-pits and the small harbour of Cockenzie in 
East Lothian ; and a portion of ihe line was selected by 
General Cope as a position for his cannon at the battle of 
TrestonpaiDs. 

In these rude wooden tracks we find the germ of the 
modem railroad. Improvements were gradually made in 
them. Thus, at some collieries, thin plates of iron were 
nailed upon their upper surface, for the purpose of protect- 
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ing the parts most exposed to friction. Cast-iron rails 
were also tried, the wooden rails having been fonnd 
liable to rot. The first rails of this kind are supposed 
to have been used at Whitehaven as early as 1738. This 
cast-iron road was denominated a "plate-way," from the 
plate-like form in which the rails were cast. In 1767, as 
appears from the books of the Coalbrookdale Iron Works, 
in Shropshire, five or six tons of rails were cast, as an ex- 
periment, on the suggestion of Mr. Eeynolds, one of the 
partners ; and they were shortly after laid down to form 
a road. 

In 1776, a cast-iron tramwaj', nailed to wooden sleepers, 
was laid down at the Duke of Norfolk's colliery near 
Sheffield. The person who designed and constructed this 
coal line was Mr. John Curr, whose son has erroneously 
claimed for him the invention of the cast-iron railway. He 
certainly adopted it early, and thereby met the fate of men 

before their age; for his plan was 
opposed by the labouring people of 
the colliery, who got up a riot in 
which they tore up the road and 
burnt the coal-staith, whilst Mr. 
Curr fled into a neighbouring wood 
for concealment, and lay there perdu 
forthree days and nights, to escape 
the fury of the populace. The plates 
of these early tramways had a ledge 
cast on their edge to guide the wheel 
along the road, after the manner 
shown in the annexed cut. 
In 1789, Mr. William Jessop constructed a railway at 
Loughborough, in Leicestershire, and there introduced the 
cast-iron edge-rail, with flanches cast upon the tire of the 
waggon-wheels to keep them on the track, instead of having 
the margin or flanch cast upon the rail itself; and this plan 
was shortly after adopted in other places. In 1800, Mr. 
Benjamin Outram, of Little Eaton, in Derbyshire (father of 
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the distiiiguisLed General Outram), used stone props instead 
of timber for supporting the ends or joinings of the rails. 
Thus the use of railroads, in various forms, gradually 
extended, until they were found in general use all over the 
mining districts. 

Such was the growth of the railway, which, it will be 
observed, originated in necessity, and was modi^ed accord- 
ing to experience ; progress in this, as in all departments of 
mechanics, having been effected by the exertions of many 
men, one generation entering upon the labours of that 
wliich preceded it, and carrying them onward to further 
stages of improvement. We shall afterwards find that the 
invention of the locomotive was made by like successive 
steps. It was not the invention of one man, but of a 
succession of men, each working at the proper hour, and 
according to the needs of that hour; one inventor inter- 
preting only the first word of the problem which his suc- 
cessors were to solve after long and laborious efforts and 
experiments. " The locomotive is not the invention of one 
man," said Robert Stephenson at Newcastle, "but of a 
nation of mechanical engineers." 

The same circumstances which led to the rapid extension 
of railways in the coal districts of the north tended to 
direct the attention of the mining engineers to the early 
development of the powers of the steam-engine as a useful 
instrument of motive power. The necessity which existed 
•for a more effective method cf hauling the coals from the 
pits to the shipping places was constantly present to many 
minds ; and the daily pursuits of a large class of mechanics 
occupied in the management of steam power, by which the 
coal was raised from the pits, and the mines were pumped 
clear of water, had the effect of directing their attention to 
the same agency as the best means for accomplishing that 
object. 

Among the upper-ground workmen employed at the coal- 
pits, the principal are the firemen, enginemen, and brakes- 
men, who fire and work the engines, and supeiintend the 
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machineiy }yy means of which the collieries are worked. 
Previous to liie introduction of the steam-engine the nsuaJ 
machine employed for the purpose was what is called a 
"gin." The gin consists of a large drum placed horizon- 
tedly, round which ropes attached to buckets and corves are 
\Kound, which are thus drawn up or sent down the shafts 
by a horse travelling in a circular track or "gin race." 
This method was employed for drawing up both coals and 
water, and it is still used for the same purpose in small 
collieries ; but where the quantity of water to be raised is 
great, pumps worked by steam power are called into requi- 
sition. 

Newcomen's atmospheric engine was first made use of to 
work the pumps ; and it continued to be so employed long 
after the more powerful and economical condensing engine 
of Watt had been invented. In the Newcomen or "fire 
engine," as it was called, the power is produced by the 
pressure of the atmosphere forcing down the piston in the 
cylinder, on a vacuum being produced within it by condensa- 
tion of the contained steam by means of cold water injection. 
The piston-rod is attached to one end of a lever, whilst 
the pump-rod works in connexion with the other, — the 
hydraulic action employed to raise the water being exactly 
similar to that of a common sucking-j^ump. 

The working of a Kewcomen engine was a clumsy and 
apparently a very painful process, accompanied by an extra- 
ordinary amount of wheezing, sighing, creaking, and bump- 
ing When the pump descended, there was heard a plunge, 
a heavy sigh, and a loud bump : then, as it rose, and the 
sucker began to act, there was heard a creak, a wheeze, 
another bump, and then a strong rush of water as it was 
lifted and poured out. Where engines of a more powerful 
and improved description are used, the quantity of water 
raised is enoimous — as much as a million and a half 
gallons in the twenty-four hours. 

The pitmen, or " tiie lads belaw," who work out the coal 
below ground, are a pecidiar dass, quite distinct from 
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die workmen on the surfaoe. They are a people with 
peculiar habits, manners, and character, as much as 
fishermen and sailors, to whom, indeed, they bear, in some 
respects, a considerable resemblance. Some fifty years 
since they were a much rougher and worse educated class 
than they are now; hard workers, but very wild and 
uncouth; much given to "steeks," or strikes; and distin- 
guished, in their hours of leisure and on pay-nights, for 
their love of cock-fighting, dc^-fighting, hard drinking, and 
cuddy races. The pay-night was a fortnightly saturnalia, 
in which the pitman's character was fully brought out, 
especially when the "yel" was good. Though earning 
much higher wages than the ordinary labouring population 
of the upper soil, the latter did not mix nor intermarry with 
them ; so that they were left to form their own communi- 
ties, and hence their marked peculiarities as a class. Indeed, 
a sort of traditional disrepute seems long to have clung to 
the pitmen, arising perhaps from the nature of their 
employment, and from the circumstance that the colliers 
were among the last classes enfranchised in England, as 
they were ceiiainly the last in Scotland, where they con- 
tinued bondmen down to the end of last century. The last 
thu*ty years, however, have worked a great improvement 
in the moral condition of the Northumbrian pitmen ; the 
abolition of the twelve months' bond to the mine, and the 
substitution of a month's notice previous to leaving, having 
given them greater freedom and opportunity for obtaining 
employment ; and day-schools and Sunday-schools, together 
with the important influences of railways, have brought 
them fiilly up to a level with the other classes of the 
labouring population. 

The coals, when raised from the pits, are emptied intc the 
waggons placed alongside, from whence they are sent along 
the rails to the staiths erected by the river-side, the waggons 
sometimes descending by their own gravity along inclined 
planes, the waggoner standinfj behind to check the speed by 
means of a convoy or wooden bi-ake bearing upitn the rims 
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of the -wheels. Arrived at the etaiths, the waggons are 
emptied at once ioto the ships waiting alongside for cai^o, 
Any one who has sailed down tho Tyne from Newcastle 
Bri(%e cannot but have been struck with the appearance of 
the immense staiths, constructed of timber, which are 
erected at short distances from each other on both sides of 
the river; 



Iha Tjne. 

But a great deal of the coal shipped from the Tyne comes 
from above-bridge, where sea^^ing craft cannot reach, and 
is floated down the river in " keels," m which the coals are 
sometimes piled up accordii^ to convenience when lai^, or, 
when tiie coal is small or tender, it is conveyed in tubs to 
prevent breakage. These keels are of a veiy ancient 
model, — perhaps the oldest extant in England: they are 
even said to be of the same build as those in which the 
Isorsemen navigated the Tyne centuries ago. The keel is a 
tubby, grimy-looking craft, rounded fore and aft, with a 
f ingle large square sail, which the keel-bullies, as the 
Tyne watermen are called, manage with great dexterity; 
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the vessel being guided by the aid of the "swape," or 
great oar, which ie used as a kind of rudder at the Btem of 
the veasel. These keelmen are an exceedingly hardy class 
of workmen, not by any means so quarrelsome aB their 
designation of "bully" would imply — the word being 
merely derived from the obsolete term " boolie," or beloved, 
an appellation slill in bmiliar use amongst brother workers 
in the coal districfa. One of the most curiotis sights upon 
the Tyne is the fleet of hundreds of these black-eailed, 
black-hulled keels, bringing down at each tide their blaok 
cargoes for the ships at anchor in the deep water at Shields 
and other parte of the river below Newcastle. 

Theee preliminary observations will perhaps be safScient 
to explain the meaning of many of the occupationB alluded 
to, and the phrases employed, in the course of the following 
narrative, some of which might otherwise have been com- 
paratively unintelligible to the general reader. 
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CHAPTEK II. 

Wtlau and DicwLKY BuBN — GsoBQS Stefhbnbon'b Eabli 
Ybabs, 

The collieiy village of Wylam is Bituated on the north 
bank of the Tyne, about eight miles west of Newcastle. 
The Newcastle and Carlisle railway runs along the opposite 
bank ; and the traveller by that line sees the usual signs of 
a colliery in the unaightly pnmpii^-enginea surroimded by 
heaps of ashes, coal-dust, and slag ; whilst a neighbouring 
iron-furnace in full blast throws out dense smoke and loud 
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jets of steam by day and lurid flames at night These 
works form the nudens of the village, which is almost 
entirely occupied by coal-miners and iron-fumacemen. Thb 
place is remarkable for its large population, but not for its 
cleanness or neatness as a Tillage ; the houses, as in most 
colliery Tillages, being the property of the owners or 
lessees, who employ them in temporarily accommodating 
the workpeople, against whose earnings there is a weekly 
set-off for house and coals. About the end of last century 
the estate of which Wylam forms part, belonged to Mr. 
Blackett, a gentleman of considerable celebrity in coal- 
mining, then more generally known as the proprietor of the 
• Globe ' newspaper. 

There is nothing to interest one in the Tillage itself. 
But a few himdred yards from its eastern extremity stands 
a humble detached dwelling, which will be interesting to 
many as the birthplace of one of the most remarkable men 
of our times — George Stephenson, the Railway Engineer. 
.It is a common twoHstoried, red-tiled, rubble house, por- 
tioned off into four labourers' apartments. It is known by 
the name of High Street House, and was originally so called 
because it stands by the side of what used to be the old 
riding post road or street between Newcastle and Hexham, 
along which the post was carried on horseback within the 
memoiy of persons living. 

The lower room in the west end of this house was the 
home of the Stephenson fjEtnuly ; and there George Stephen- 
son was bom, the second of a family of six children, on the 
9th of June, 1781. The apartment is now, what it was 
then, an ordinary labourer's dwelling, — its walls are un- 
plastered, its floor is of clay, and t^e bare rafters are 
exposed overhead. 

Robei-t Stephenson, or "Old Bob," as the neighbours 
familiarly called him, and his wife Mabel, were a respectable 
couple, careful and hard-working. It is said that Bobert 
Stephenson's fSather was a Scotchman, and came into 
England as a gentleman's servant. Mabel, his wife, was 
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Hlgli-atRet Hoiue, Wjlam, the Krtliidace of Qtorge SteplienBon. 

the daughter of Eobert Carr, a dyer at Ormgham. When 
first married, they lived at Wallxttde, a Tillage situated 
between Wylam and Newcastle, afterwards remoTing to 
Wylam, where Eobert was employed aa fireman of the old 
pumping engine at that oolliery. 

An old Wylam collier, who remembered George 
Stephenson's fether, thus described him : — " Geordie'a 
fayther war like a peer o' deals nailed thither, an' a 
bit o' fieeh i' th' inside ; he war as queer as Dick's hatband 
— went thrice aboot, an' wndn't tie. His wife Mabel war 
a delicat' boddie, an' varry flighlj. Thay war an honest 
family, but eair hadden doon i' th' world." Indeed, the 
earnings of old Robert did not amount to more than twelve 
ehillings a week ; and, as there were six children to main- 
tain, the family, during their stay at Wylam, were neeea- 
sarily in veiy straitened circumstances. The father's wages 



Chap. II. OLD ROBERT STEPHENSON. 16 

being barely sufficient, even with the most rigid economy, 
for the sustenance of the household, there was little to 
spare for clothing, and nothing for education, so none of 
the children were sent to school. 

Old Robert was a general feivourite in the village, espe^ 
oially amongst the children, whom he was accustomed to 
draw about him whilst tending the engine-fire, and feast 
their young imaginations with tales of Sinbad the Sailor 
and Robinson Crusoe, besides others of his own invention ; 
so that " Bob's engine-fire " came to be the most popular 
resort in the village. Another feature in his character, by 
which he was long remembered, was his affection for birds 
and animals ; and he had many tame favourites of both 
sorts, which were as fond of resorting to his engine-fire as 
the boys and- girls themselves. In tiie winter time he had 
usually a flock of tame robins about him ; and they would 
come hopping fiimiliarly to his feet to pick up the crumbs 
which he had saved for them out of his humble dinner. 
At his cottage he was rarely without one or more tame 
blackbirds, which flew about the house, or in and out at 
the door. In summer-time he would go a-birdnesting with 
his children ; and one day he took his little son George to 
see a blackbird's nest for the first time. Holding him up 
in his arms, he let the wondering boy peep down, through 
the branches held aside for the purpose, into a nest full of 
young birds — a sight which the boy never forgot, but used 
to speak of with delight to his intimate friends when he 
himself had grown an old man. 

The boy George led the ordinary life of working-people's 
children. He played about the doors; went birdnesting 
when he could ; and ran errands to the village. He was 
also an eager listener, with the other children, to his 
lather's curious tales; and he early imbibed from him 
that affection for birds and animals which continued 
throughout his life. In course of time he was promoted to 
the office of carrying his father's dinner to him while at 
work, and it was ou such occasions his great delight to see 
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the robins fed. At home he helped to nurse, and that with 
a careful hand, his younger brothers and sisters. One of 
his duties was to see that the other children were kept out 
of the way of the chaldron waggons, which were then 
dragged by horses along the wooden tramroad immediately 
in front of the cottage-door. This waggon-way was the 
first in the northern district on which the experiment of a 
locomotive engine was tried. But at the time of which we 
speak, the locomotive had scarcely been dreamt of in 
England as a practicable working power ; horses only were 
used to haul the coal; and one of the first sights with 
which the boy was familiar was the coal-waggons dragged 
by them along the wooden railway at Wylam. 

Thus eight years passed ; after which, the coal having 
been worked out, ihe old engine, which had grown " dismal 
to look at," as one of the workmen described it, was pulled 
down ; and then Eobert, having obtained employment as a 
fireman at the Dewley Bum Colliery, removed with his 
family to that place. Dewley Bum, at this day, consists of 
a few old-fashioned low-roofed cottages standing on either 
side of a babbling little stream. They are connected by a 
mstic wooden bridge, which spans the rift in front of the 
doors. In the central one-roomed cottage of this group, on 
the right bank, Eobert Stephenson lived for a time with 
his family ; the pit at which he worked standing in the 
rear of the cottages. 

Young though he was, George was now of an age to be 
able to contribute something towards the family main- 
tenance ; for in a poor man's house, every child is a burden 
until his littie hands can be turned to profitable account. 
That the boy was shrewd and active, and possessed of a 
ready mother wit, will be evident enough from the follow- 
ing incident. One day his sister Nell went into Is ewcastie 
to buy a bonnet ; and Geordie went with her " for com- 
pany." At a draper's shop in the Bigg Market, Nell found 
a " chip " quite to her mind, but on pricing it, alas I it was 
found to be fifteen pence beyond her moans, and she left 
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thii shop very much disappointed. But GooixLie said, 
" Never heed, Nell ; see if I canna win siller enough to buy 
the bonnet ; stand ye there, till I come back." Away ran 
the boy and disappeared amidst the throng of the market, 
leaving the girl to wait his return. Long and long she 
^iraited, until it grew dusk, and the market people had 
nearly all left. She had begun to despair, and fears crossed 
her mind that Geordie must have been run over and killed ; 
when at last up he came running, almost breathless." " I've 
gotten the siller for the bonnet, Nell I" cried he. "Eh 
Geordie!" she said, "but hoo hae ye gotten it?" "Haudin 
the gentlemen's horses!" was the extdtant reply. The 
bonnet was forthwith bought, and the two returned to 
Dewley happy. 

George's first regular employment was of a very humble 
sort. A widow, named Grace Ainslie, then occupied the 
neighbouring farmhouse of Dewley. She kept a number of 
cows, and had the privilege of grazing them along the 
waggon-road. She needed a boy to herd the cows, to keep 
them out of the way of the waggons, and prevent their 
straying or ti-espassing on the neighbours' " liberties ; " the 
boy's duty was also to bar the gates at night after all the 
waggons had passed. George petitioned for this post, and, 
to his great joy, he was appointed at the wage of twopence 
a day. 

It was light employment, and he had plenty of spare 
time on his hands, which he spent in birdnesting, making 
whistles out of reeds and scrannel straws, and erecting 
Lilliputian mills in the little water-streams that ran into 
the Dewley bog. But his favourite amusement at this 
early age was erecting clay engines in conjunction with his 
chosen plajnnate. Bill Thirlwall. The place is still pointed 
out where the future engineej^s made their first essays in 
modelling. The boys found the clay for their engines in 
the adjoining bog, and the hemlocks which grew about 
supplied them with imaginary steam-pipes. They even 
proceeded to make a mmiature winding-machine in con- 

V. c 
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aexion with their engine, and the apparatus was erected 
apon a bench in front of the Thirlwalls' oottage. llie 
oorves were made out of hollowed oorks ; the ropes were 
supplied b^ twine ; and a few bits of wood gleaned from 
the refuse of the cai'penter's shop completed their materials. 
With this apparatus the boys made a show of sending the 
corv^es down the pit and diuwing them up again, much to 
the marvel of the pitmen. But some mischievous person 
about the place seized the opportunity early one morning 
of smashing the fragile machinery, much to the grief of the 
young engineers. 

As Stephenson grew older and abler to work, he was set 
to lead the horses when ploughing, though scarce big 
enough to stnde across the furrows; and he used after- 
wards to say that he rode to his work in the mornings at 
an hour when most other children of his age were asleep in 
their beds. He was also employed to hoe turnips, and do 
similar farm-work, for which he was paid the advanced 
wage of fourpence a day. But his highest ambition was to 
be taken on at the colliery where his father worked ; and 
he shortly joined his elder brother James there as a " corf- 
bitter," or " picker," to clear the coal of stones, bats, and 
dross. His wages were then advanced to sixpence a day, 
and afterwards to eightpence when he was set to drive the 
gin-horse. 

Shortly after, George went to Black Callerton to drive 
the gin there ; and as that colliery lies about two miles 
across the fields from Dewley Bum, he walked that dis- 
tance early in the morning to his work, returning home 
late in the evening. One of the old residents at Black 
Callerton, who rememoered him at that time, described 
him to the author as " a grit growing lad, with bare legs 
an' feet ;" adding that he was " very quick-witted and full 
of fun and tricks : indeed, there was nothing under the sun 
but he tried to imitate." He was usually foremost also in 
the spoils and pastimes of youth. 

Among his first strongly-developed tastes was the love 
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of birds and animals, which he inherited from his father 
Blackbirds were his special fevourites. The hedges 
between Dewley and Black Callerton were capital bird- 
nesting places ; and there was not a nest there that he did 
not know of. When the young biixls were old enough, he 
would bring them home with him, feed them, and teach 
them to fly about the cottage unconfined by cages. One of 
his blackbirds became so tame, that, after flying about the 
doors all day, and in and out of the cottage, it would take 
up its roost upon the bed-head at night And most singular 
of all, the bii*d would disappear in the spring and summer 
months, when it was supposed to go into the woods to pair 
and rear its young, after which it would reappear at the 
cottage, and resume its social habits during the winter. 
This went on for several years. George had also a stock 
of tame rabbits, for which he built a little house behind the 
cottage, and for many years he continued to pride himself 
upon the superiority of his breed. 

After he had driven the gin for some time at Dewley and 
Black Callerton, he was taken on as an assistant to his 
father in firing ^e engine at Dewley. This was a step of 
promotion which he had anxiously desired, his only fear 
being lest he should be found too young for the work. 
Indeed, he used afterwards to relate how he was wont to 
hide himself when the owner of the colliery went round, in 
case he should be thought too little a boy to earn the wagep 
paid him. Since he had modelled his clay engines in the 
l)og, his young ambition was to be an engineman ; and to 
be an assistant fireman was the first step towards this posi- 
tion. Great therefore was his joy when, at about fourteen 
years of age, he was appointed assistant-fireman, at the 
wage of a shilling a day 

But the coal at Dewley Bum being at length woiked 
out, the pit was ordered to be " laid in," and old Eobert 
and his family were again under the necessity of shifting 
their home; for, to use the common phrase, they must 
"* follow the wark." They removed accordingly to a place 

c 2 
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called Jolly's Close, a few miles to the soath, close behind 
the village of Kewbum, where another coal-mine belonging 
to the Duke of Northumberland, called " the Duke's 
Winnin," had recently been opened out. 



One of the old persons in the neighbourhood, who knew 
the family well, deecribea the dwelling in which they lived 
:i8 a poor cottage of only one room, in which the father, 
mother, foiir sons, and two daughters, lived and slept It 
was crowded with three low-poled beds. The one apart- 
ment served for parlour, kitchen, sleeping-room, and all. 

The children of the Stephenson family were now growing 
a]>ace, and several of them were old enough to be able to 
earn money at various kinds of colliery work. James and 
George, the two eldest sons, worked as aseietant^firemcn ; 



OiiAF. 1). ATHLETIC FEATS. I'l 

and the yoiuiger boys worked as wheelers oi puckers on the 
bank-tops. ITie two girls helped their mother with fho 
household work. 

Other workings of the coal were opened out in the neigh- 
bourhood; and to one of these George was removed as 
fireman on his own account This was called the " Mid 
Mill Winnjn," where he had for his mate a young man 
named Coe. They worked together there for about two 
yeara, by twelve-houi- shifts, George firing the engine at the 
wage of a shilling a day. He was now fifteen years old. 
His ambition was as yet limited to attaining the standing 
of a full workman, at a man's wages ; and with that view 
bo endeavoured to attain such a knowledge of his engine as 
would eventually lead to his employment as an engineman, 
with its accompanying advantage of higher pay. He was 
a steady, sober, hard-working young man, but nothing more 
in the estimation of his fellow- workmen. 

One of his favourite pastimes in by-hours was trying 
feats of strength with his companions. Although in frame 
he was not particularly robust, yet he was big and bony, 
and considered very strong for his age. At throwing the 
hammer George had no compeer. At lifting heavy weights 
off the ground from between his feet, by means of a bar of 
U'on passed through them — ^placing the bar against his 
knees as a fulcrum, and then straightening his spine and 
lifting them sheer up — ^he was also very successful. On 
one occasion he lifted as much as sixty stones weights— a 
striking indication of his strength of bone and muscle. 

When the pit at Mid Mill was closed, George and his 
fXimpanion Coe were sent to work another pumping-engine 
erected near Throckley Bridge, where they continued for 
some months. It was while working at this place that hin 
wages were raised to 12«. a week — ^an event to him of great 
importance. On coming out of the foreman's office tliai 
Saturday evening on which he received the advance, ho 
announced the fact to his fellow-workmen, addla.g triumph 
Autly, " I am now a made man for life I" 
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The pit opened at Newbum, at which old Robert 
Stephenson worked, proving a failure, it was closed ; and 
a new pit was sunk at Water-row, on a strip of land lying 
between the Wylam waggon-way and the river Tyne. 
about half a mile west of Newbum Church. A pumping- 
engine was erected there by Eobert Hawthorn, the Duke's 
engineer ; and old Stephenson went to work it as fireman, 
his son George acting as the engineman or phigman. At 
that time he was about seventeen years old — a very youth- 
ful age at which to fill so responsible a post. He had thus 
already got ahead of his father in his station as a workman ; 
for the plugman holds a higlier grade than the fireman, 
requiring more practical knowledge and skill, and usually 
receiving higher wages. 

George's duty as plugman was to watch the engine, to 
see that it kept well in work, and that the pumps were 
efficient in drawing the waten When the water-level in 
the pit was lowered, and the suction became incomplete 
through the exposure of the suction-holes,, it was then his 
duty to proceed to the bottom of the shaft and plug the 
tube so that the pump should draw : hence the designation 
of "plugman." If a stoppage in the engine took place 
through any defect which he was incapable of remedying, 
it was for him to call in the aid of the chief engineer to 
set it to rights. 

But from the time when George Stephenson was 
appointed fireman, and more particularly afterwards as 
engineman, he applied himself so assiduously and so suc- 
cessfully to the study of the engine and its gearing — ^taking 
the machine to pieces in his leisure hours for the pui-pose 
of cleaning and understanding its various parts — that he 
Boon acquired a thorough practical knowledge of its con- 
stniction and mode of working, and very rarely needed to 
call the engineer of the colliery to his aid. His engine 
became a sort of pet with him, and he was never wearied 
of watching and inspecting it with admiration. 

Though eighteen years old, like many of his fellow- 
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workmen, Stephenson had not yet learnt to read. All that 
he could do was to get some one to read for him by hia 
engine fire, out of any book or stray newspaper which 
found its way into the neighbourhood. Buonaparte was 
then overrunning Italy, and astounding Europe by his 
brilliant succession of victories; and there was no more 
eager auditor of his exploits, as read from the newspaper ac- 
counts, than the young engineman at the Water-row Pit. 

There were also numerous stray bits of information and 
intelligence contained in these papers, which excited 
Stephenson's interest. One of these related to the Egyptian 
method of hatching birds' eggs by means of artificial heat. 
Curious about everything relating to birds, he determined 
to test it by experiment. It was spring time, and he 
forthwith went a birdnesting in the adjoining woods and 
hedges. He gathered a collection of eggs of various sorts, 
set them in flour in a warm place in the engine-house,, 
covering the whole with wool, and then waited the issue. 
The heat was kept as steady as possible, and the eggs were 
carefully turned every twelve hours, but though they 
chipped, and some of them exhibited well-grown chicks, 
they never hatched. The experiment failed, but the inci- 
dent shows that the inquiring mind of the youth was 
fiiirly at work. 

Modelling of engines in clay continued to be another of his 
favourite ppcupations. He made models of engines which 
he had seen, and of others which were described to him. 
These attempts were an improvement upon his first trials at 
Dewley Bum bog, when occupied there as a herd-boy. He 
was, however, anxious to know something of the wonder- 
ful engines of Boulton and Watt, and was told that they 
were to be found fully described in books, which he must 
search for information as to their construction, action, and 
uses. But, alas! Stephenson could not read; he had not 
yet learnt even his letters. 

Thus he shortly found, when gazing wistfully in the 
direction of knowledge, that to advance further as a skillo'.^ 
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workman, lie muBt master this wonderful art of reading — 
the key to so many other arts. Only thus oould he gain an 
access to books, the depositories of the wisdom and experi- 
ence of the past. Although a grown man, and doing the 
work of a man, he was not ashamed to confess his ignorance, 
and go to school, big as he was, to learn his letters. Per- 
haps, too, he foresaw that, in laying out a little of his spare 
earnings for this purpose, he was investing money judi- 
ciously, and that, in every hour he spent at school, he was 
really working for better wages. 

His first schoolmaster was Eobin Cowens, a poor teacher 
in the village of Walbottle. He kept a nightnschool, which 
was attended by a few of the colliers and labourers' sons in 
the neighbourhood. George took lessons in spelling and 
reading three nights in the week. Robin Cowen*s teaching 
cost threepence a week ; and though it was not very good, 
yet George, being hungry for knowledge and eager to 
acquire it, soon leamt to read. He also practised "pot- 
hooks," and at the age of nineteen he was proud to be able 
10 write his own name. 

A Scotch dominie, named Andrew Eobertson, set up a 
night-school in the village of Newbum, in the winter of 
1799. It was more convenient for George to attend this 
school, afe it was nearer to his work, and only a few minutes' 
walk from Jolly's Clos«. Besides, Andrew had the reputa- 
tion of being a skilled arithmetician ; and this branch of 
knowledge Stephenson was veiy desirous of acquiring. He 
accordingly began taking lessons from him, paying four- 
pence a week. Robert Gray, the junior fireman at the 
Water-row Pit, began arithmetic at the same time ; and 
Gray afterwards told the author that George leamt 
" figuring " so much faster than he did, that he could not 
make out how it was — " he took to figures so wonderful." 
Although the two started together from the same point, at 
the end of the winter George had mastered "reduction," 
while Robert Graj' was still struggling with the difficulties 
of simple division. But George's secret was his persever- 
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ance. He worked out the sums in his bye-hours, improving 
every minute of his spare time by the engine-fire, and study- 
ing there the arithmetical problems set for him upon his 
slate by the master. In the evenings he took to Eobertson 
the sums which he had "worked," and new ones were 
" set " for him to study out the following day. Thus his 
progress was rapid, and, with a willing heart and mind, he 
soon became well advanced in arithmetia Indeed, Andrew 
Jiobertson became very proud of his scholar ; and shortly 
after, when the Water-row Pit was closed, and George 
removed to Black Callerton to work there, the poor school- 
master, not having a very extensive connexion in Newbum, 
went with his pupils, and set up his night-school at Black 
Callerton, where he continued his lessons. 

George still found time to attend to his favourite animals 
w^hile working at the Water-row Pit. Like his father, he 
used to tempt the robin-redbreasts to hop and fly about him 
at the engine-fire, by the bait of bread-crumbs saved from 
his dinner. But his chief favourite was his d(^ — so saga- 
cious that he almost daily carried George's dinner to him at 
the pit The tin containing the meal was suspended from 
the dog's neck, and, thus laden, he proceeded faithfully from 
Jolly's Close to Water-row Pit, quite through the village of 
Newbum. He turned neither to left nor right, nor heeded 
the barking of curs at his heels. But his course was not 
unattended with perils. One day the big strange dog of a 
passing butcher espying the engineman's messenger with the 
tin can about his neck, ran after and fell upon him. There 
was a terrible tussle and worrying, which lasted for a brief 
while, and, shortly after, the dog's master, anxious for his 
dinner, saw his faithful servant approaching, bleeding but 
triumphant. The tin can was still round his neck, but the 
dinner had been spilt in the struggle. Though George 
went without his dinner that day, he was prouder of his dog 
than ever when the circumstances of tJie combat were related 
b3 him by the villagers who had seen it. 

It was while working at the Water-row Pit that Stephen 
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son learnt the art of brakeiBg an engine. This being one 
of the higher departments of colliery labour, and among 
the best paid, George was very anxious to learn it A 
small winding-engine having been put up for the purpose of 
drawing the coals from the pit, Bill Coe, his friend and 
fellow-workman, was appointed the brakesman. He fre- 
quently allowed George to try his hand at the machine, and 
instructed him how to proceed. Coe was, however, opposed 
in this by several of ihe other workmen — one of whom, a 
banksman named William Locke,* went so fer as to stop the 
working of the pit because Stephenson had been called in to 
the brake. But one day as Mr. Charles Nixon, the manager 
of the pit, was observed approaching, Coe adopted an expe- 
dient which put a stop to the opposition. He called upon 
Stephenson to " come into the brake-house, and take hold of 
the machine." Locke, as usual, sat down, and the working 
of the pit was stopped. When requested by the manager to 
give an explanation, he said that " young Stephenson couldn't 
brake, and, what was more, never would learn, he was so 
clumsy." Mr. Kixon, however, ordered Locke to go on with 
thfi work, which he did ; and Stephenson, after some further 
practice, acquired the art of brakeing. . 

After working at the Water-row Pit and at other engines 
near Newbxim for about three years, George and Coe went 
to Black CaUerton early in 1801. Though only twenty 
years of age, his employers thought so well of him that 
they appointed him to the responsible office of brakesman at 
the Dolly Pit. For convenience' sake, he took lodgings at 
a small farmer's in the village, finding his own victuals, 
and paying so much a week for lodging and attendance. In 
the locality this was called " picklin in his awn poke neuk." 
It not unfrequently happens that the young workman 
about the collieries, when selecting a lodging, contrives to 
pitch his tent where the daughter of the house ultimatelj 



* Father of Mr. Locke, M.F., the engineer. He afterwards removed 
to Bamsley, in Yorkshire. 
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beoomes his wife. This is often the real attraction that 
draws the youth from home, though a very different one 
may be pretended. 

George Stephenson's duties as hrakesman may be briefly 
described. The work was somewhat monotonous, and con- 
sisted in superintending the working of the engine and 
machinery by means of which the coals were drawn out of 
the pit. Brakesmen are almost invariably selected from 
those who have had considerable experience as engine- 
firemen, and borne a good character for steadiness, punc- 
tuality, watchfulness, and " mother wit." In George Stephen- 
son's day the coals were drawn out of the pit in corves, or 
large baskets made of hazel rods. The corves were placed 
together in a cage, between which and the pit-ropes there 
was usually from fifteen to twenty feet of chain. The 
'approach of the corves towards the pit mouth was signalled 
by a beU, brought into action by a piece of mechanism 
worked from the shaft of the engine. When the bell 
sounded, the brakesman checked the speed, by taking hold 
of the hand-gear connected with the steam-valves, which 
were so arranged that by their means he could regulate the 
speed of the engine, and stop or set it in motion when re- 
quired. Connected with the fly-wheel was a powerful 
wooden brake, acting by pressure against its rim, something 
like the brake of a railway-caniage against its wheels. On 
catching sight of the chain attached to the ascending ccrve- 
cage, the brakesman, by pressing his foot upon a foot-step 
near him, was enabled, with great precision, to stop the 
revolutions of the wheel, and arrest the ascent of the corves 
at the pit mouth, when they were forthwith landed on the 
*' settle board." On the full corves being replaced by empty 
ones, it was then the duty of the brakesman to reverse the 
engine, and send the corves down the pit to be filled again. 

The monotony of George Stephenson's occupation as a 
brakesman was somewhat varied by the change which he 
mxide, in his turn, from the day to the night shift. His 
duty, on the latter occasions, consisted chiefly in sending 
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mei and materials into ihe mine, and in drawing other 
men and materials out. Most of the workmen enter the pit 
during the night shift, and leave it in the latter part of the 
day, whilst coal-drawing is proceeding. The requirements 
of the work at night are suclj, that the brakesman has a 
good deal of spare time on his hands, which he is at liberty 
to employ in his own way. From an early period, George 
was accustomed to employ those vacant night hours in 
working the sums set for him by Andrew Robertson 
ux)on his slate, practising writing in his copy-book, and 
mending the shoes of his fellow-workmen. His wages 
while working at the Dolly Pit amounted to from \l. 15«. to 
21. in the fortnight ; but he gradually added to them as he 
became more expert at shoe-mending, and afterwards at 
shoe-making. 

Probably he was stimulated to take in hand this extra 
work by the attachment he had by this time formed for a 
young woman named Fanny Henderson, who officiated as 
servant in the small farmer's house in which he lodged. 
We have been informed that the personal attractions of 
Fanny, though these were considerable, were the least of 
her charms. Mr. William Fairbaim, who afterwards saw 
her in her home at Willington Quay, describes her as a very 
comely woman. But her temper was one of the sweetest; and 
those who knew her were accustomed to speak of the charm- 
ing modesty of her demeanour, her kindness of disposition, 
ajid withal her sound good sense. 
y Amongst his various mendings of old shoes at Callerton, 
George was on one occasion favoured with the shoes of his 
sweetheart to sole. One can imagine the pleasure with 
which he would linger over such a piece of work, and the 
pride with which he would execute it. A friend of his, 
still living, relates that, after he had finished the shoes, he 
carried them about with him in his pocket on the Sunday 
afternoon, and that from time to time he would pull tliem 
out and hold them up, exclaiming, " what a capital jcb he 
had made of them \" 
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Out of hifl earaingB by shoe-mending at Callerton, 
George contrived to save liis first guinea. The first guinea 
saved by a working man is no trivial thing. K, as in 
Stephenson's case, it has been the residt of prudent self- 
denial, of extra labour at bye-hours, and of the honest reso- 
lution to save and economise for worthy purposes, the first 
guinea saved is an earnest of better things. When Stephen- 
son had saved this guinea he was not a little elated at the 
achievement, and expressed the opinion to a fiiend, who 
many years after reminded him of it, that he was " now 
a rich man." 

Not long after he began to work at Black Callerton as 
brakesman, he had a quaiTel with a pitman named Ned 
Nelson, a roistering bully, who was the terror of the 
village. Nelson was a great fighter ; and it was therefore 
considered dangerous to quarrel with him. Stephenson was 
so unfortunate as not to be able to please this pitman by the 
way in which he drew him out of the pit; and Nelson swore 
at him grossly because of the alleged clumsiness of his 
brakeing. George defended himself, and appealed to the 
testimonv of the other workmen. But Nelson had not been 
accustomed to George's style of self-assertion ; and, after a 
great deal of abuse, he threatened to kick the brakesman, 
who defied him to do so. Nelson ended by challenging 
Stephenson to a pitched battle ; and the latter accepted the 
challenge, when a day was fixed on which the fight was to 
come off. 

Great was the excitement at Black Callerton when it 
was known that George Stephenson had accepted Nelson's 
challenge. Everybody said he would be killed. The 
villagers, the young men, and especially the boys of the 
place, with whom George was a great favourite, all wished 
tliat he might beat Nelson, but tliey scarcely dared to say 
so. They came about him while he was at work in the 
engine-house to inquire if it was really true that he was 
" goin to fight Nelson ? " " Ay ; never fear for me ; I'll fight 
him." And fight him he did. For some days previous to 
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the appointed day of battle, Nelson went entirely off wort 
for the puipose of keeping himself fresh and strong, whereas 
Stephenson went on doing hie daily work as usual, and 
appeared not in the least disconcerted by the prospect of tJie 
affeir. So, on the evening appointed, after George had done 
his day's labour, he went into the Dolly Pit Field, where 
his already exnlting rival waa ready to meet him, George 
stripped, and " went in " like a practised pugilist — though 
it was his first and last fight After a few rounds, Georges 
wiry muscles and practised strength enabled him severely 
to punish his adversary, and to secure an ea*y victory. 
/This circumstance is related in illustration of Stephenson's 
personal pluck and courage ; and it was thoroughly charac- 
teristic of the man. He was no pugilist, and the very 
reverse of quarrelsome. But he would not be put down by 
the bully of the collieiy, and he fought him. There his 
pugilism ended ; they afterwards shook hands, and continued 
good friends. In after life, Stephenson's mettle was often as 
hardly tried, though in a different way ; and he did not fail 
to exhibit the same resolute courage in contending with the 
bullies of the railway world, as he showed in his encounter 
with Ned Nelson, the fighting pitman of Callerton. / 
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Georoe Stephenson had now acqnired the character of an 
expert workman. He was diligent and observant while at 
work, and sober and studious -when the day's work was 
over. His friend Coe described him to the author as "a 
standing example of manly character." On pay-Saturday 
afternoons, when the pitmen held their fortnightly holiday, 
occupying themselves chiefly in cock-fighting and dog- 
fighting in the adjoining fields, followed by adjournments 



32 WiLLINGTON QCAT. <:hai'. Ill 

to the " yel-house," George was accustomed to take hie 
engine to pieces; for tlie purpose of obtaining " insight," and 
he cleaned all the parts and put the machine in thorough 
working order before leaving it. 

In the evenings he improved himseltin the arts of reading 
and writing, and occasionally took a turn at modelling. It 
was at Callerton, his son Eobert informed us, that he began 
to tiy his hand at original invention ; and for some time he 
applied his attention to a machine of the nature of an 
engine-brake, which reversed itself by its own action. But 
nothing came of the contrivance, and it was eventually 
thrown aside as useless. Yet not altogether so; for even 
the highest skill must undergo the inevitable discipline of 
experiment, and submit to the wholesome conection of 
occasional failure. 

After working at Callerton for about two years, he re- 
ceived an offer to take charge of the engine on W illington 
Ballast Hill at an advanced wage. He determined to 
ac-cept it, and at the same time to marry Fanny Henderson, 
and begin housekeeping on his own account. Though he 
was only twenty-one years old, he had contrived, by thrift, 
steadiness, and industry, to save as much money as enabled 
him to take a cottage-dwelling at Willington Quay, and 
furnish it in a humble but comfortable style for the reception 
of his bride. 

Willington Quay lies on the north bank of the Tyne, 
about six miles below Newcastle. It consists of a line of 
houses straggling along the river-side ; and high behind it 
towers up the huge mound of ballast emptied out of the 
ships which resort to the quay for their cargoes of coal for 
the London market. The ballast is thrown out of the ships* 
holds into waggons laid alongside, which are run up to the 
summit of the Ballast Hill, and emptied out there. At the 
foot of the great mound of shot rubbish was the fixed 
engine of which George Stephenson acted as brakesman. 

The cottage in which he took up his abode was a small 
two-storied dwelling, standing a little back from the quay 
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with a bit of garden ground in front* The Stephenson 
family occnpied the upper room in the west end of the 
cottage. Close behind rose the Ballast HilL 

When the cottage dwelling had been made snug, and was 
ready for occupation, the marriage took place. It was cele- 
brated in Newbum Church, on the 28th of November, 1802. 
After the ceremony, George, with his newly-wedded wife, 
proceeded to the house of his father at Jolly's Close. The 
old man was now becoming infirm, and, though he still 
worked as an engine-fireman, contrived with difficully " to 
keep his head above water." When the visit had been 
paid, the bridal party set out for their new home at Will- 
ington Quay, whither they went in a manner quite common 
before travelling by railway came into use. Two feirm 
horses, borrowed fix)m a neighbouring feirmer, were each 
provided with a saddle and pillion, and George having 
mounted one, his wife seated herself behind him, holding 
on by his waist. The bridesman and bridesmaid in like 
manner mounted the other horse; and in this wise the 
wedding party rode across the country, passing through 
the old streets of Newcastle, and then by Wallsend to 
Willington Quay — a ride of about fifteen miles. 

George Stephenson's daily life at Willington was that 
of a Bt/esidj workman. By the manner, however, in which 
he continued to improve his spare hours in the evening, he 
was silently and surely paving the way for being some- 
thing more than a manual labom^er. (He set himself to 
study diligently the principles of mechani^ and to master 
the laws by which his engine worked, ^or a workman, 
he was even at that time more than ordinarily speculative 
— often taking up strange theories, and trying to sift out 
the truth that was in them. While sitting by his wifiaja 
side in his cottage-dwelling in the winter evenings, he was 
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nsuallj occupied in studying mechanical subjects, or in 
modelling experimental macliines.^ Amongst his variouM 
speculations while at Willington, he tried to discover a 
means of Perpetual Motion. Although he failed, as so 
many others had done before him, the very efforts he made 
tended to whet his inventive faculties, and to call forth hjfi 
dormant powers. He went so far as to construct the model- 
of a machine for the purpose. It consisted of a woodea 
wheel, the periphery of which was furnished with glass 
tubes filled with quicksilver; as the wheel rotated, the 
quicksilver poured itself down into the lower tubes, and 
thus a sort of self-acting motion was kept up in the appa- 
ratus, which, however, did not prove to be perpetual. 
Where he had first obtained the idea of this machine — 
whether from conversation or reading, is not known ; but 
his son Eobert was of opinion that he had heard of the 
apparatus of this kind described in the "History of In- 
ventions." As he had then no access to books, and indeed 
oould barely read with ease, it is probable that he had been 
told of the contrivance, and set about testing its value ac- 
cording to his own methods. 

Much of his spare time continued to be occupied by 
labour more immediately profitable, r^arded in a pecu- 
niary point of view. In the evenings, after his day's labour 
at his engine, he would occasionally employ himself for an 
hour or two in casting ballast out of the collier ships, by 
which means he was enabled to earn a few extra shillings 
weekly. Mr. William Fairbaim of Manchester has informed 
us that while Stephenson was employed at Willington, 
he himself was working in the neighbourhood as an 
engine apprentice at the Percy Main Colliery. He was 
very fond of George, who was a fine, hearty fellow, besides 
being a capital workman. In the summer evenings young 
Fairbaim was accustomed to go down to the Qi^y to see 
his friend, and on such occasions he would frequently take 
charge of George's engine while he took a turn at heaving 
ballast out of the ships' holds. It is pleasant to think of 
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the future President of the British Association thus helping 
the future Eailway Engineer to earn a few extra shillings 
by overwork in the evenings, at a time when both occupied 
the rank of humble working men in an obscure northern 
village; 

Mr. Fairbaim was also a frequent visitor at George's 
cottage on the Quay, where, though there was no luxury, 
there was comfort, cleanliness, and a pervading spirit of 
industry. Even at home George was never for a moment 
idle. \Vhen there was no ballast to heave out at the Quay, 
he took in shoes to mend ; and from mending he proceeded 
to making them, as well as shoe-lasts, in which he was 
admitted to be very expert. 

But an accident occurred in Stephenson's household about 
this time, which had' the effect of directing his industry 
into a new and still more profitable channel The cottage 
chimney took fire one day in his absence, when the alarmed 
neighbours, rushing in, threw quantities of water upon the 
flames ; and some, in their zeal, even mounted the ridge of the 
house, and poured buckets of water down the chimney. The 
fire was soon put out, but the house was thoroughly soaked. 
When George came home he found everything in disorder, 
and his new furniture covered with soot. The eight-day clock, 
which hung against the waU — one of the most highly-prized 
articles in the house — ^was much damaged by the steam 
with which the room had been filled ; and its wheels were 
so clogged by the dust and soot that it was brought to a 
complete standstiU. George was always ready to turn his 
hand to anything, and his ingenuity, never at fault, imme- 
diately set to work to repair the unfortunate clock. He 
was advised to send it to the clockmaker, but that would 
cost money; and he declared that he would repair it 
himself — at least he would try. The clock was accordingly 
taken to pieces and cleaned; the tools which he had been 
accumulating for the purpose of constructing his Perpetual 
Motion machine, enabled him to do this readily; and he 
succeeded so weU that, shortly after, the neighbours sent 

D 2 
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him theii* clocks to clean, and he soon became one of the 
most famous clock-doctors in the neighbourhood. 

It was while living at Willington Quay that George 
Stephenson's only son was bom, on the 16th of October, 
1803. The child was a great favourite with his &ther, and 
added much to the happiness of his evening hours. Geoige's 
" philoprogenitiveness," as phrenologists call it, had been 
exercised hitherto npon birds, dogs, rabbits, and even the 
poor old gin-horses which he had driven at the Callerton 
Pit; but in his boy he now found a much more genial 
object for the exercise of his affection. 

The christening took place in the school-house at 
Wallsend, the old parish church being at the time in so 
dilapidated a condition from the " creeping " or subsidence 
of the ground, consequent upon the Excavation of the coal, 
Ihat it was considered dangerous to enter it. On this 
occasion, Bobert Gray and Anne Henderson, who had 
officiated as bridesman and bridesmaid at the wedding, came 
over again to Willington, and stood godfather and godmother 
to little Bobert, — so named after his grand&ther. 

After working for several years more as a brakesman at 
fhe Willington machine, George Stephenson was induced to 
leave his situation there for a similar one at the West Mooi 
Colliery, KiUingworth. It was not without considerable 
persuasion that he was induced to leave the Quay, as he 
knew that he should thereby give up the chance of earning 
extra money by casting ballast from the keels. At last, 
however, he consented, in the hope of making up the loss in 
some other way. 

The viQage of Eillingworth lies about seven miles north 
of Newcastle, and is one of the best-known collieries in that 
neighbourhood. The workings of the coal are of vast 
extent, and give employment to a large number of work- 
people. To this place Stephenson first came as a brakesman 
about the beginning of 1805. He had not been long in 
his new place, ere his wife died (in 1806)^ shortly after 
apving birth to a daughter, who survived the mother only a 
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few montlia. George deeply felt the loss of his wife, for 
they had been veiy happy t<^ether. Their lot had been 
sweetened by daily suooeseful toil The hiiaband waa 
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sober and hard-worMng, and hie wife made hia hearth eo 
bright and his home bo snng, that no attraction could draw 
bim from her side in the evening hours. But this domestic 
happiness was all to pass away ; and George felt as one that 
had thenoeforth to tread the journey of life alone. 
/Shortly after this event, while his grief was still fresh, he 
ireceived an invitation &om some gentlemen concerned in 
Kirge spinning works near Montrose in Scotland, to proceed 
thither and superintend the workii^ of one of Boidton and 
Watt's engines. Fe accepted the offer, and made arrange- 
ments to leave EiUingwoith for a time. 
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HaTing left his little boy in good keeping, he set out npoii 
his long journey to Scotland on foot, with his kit upon 
his back. "While working at Montrose he gave a striking 
proof of that practical abiUty in contrivance for which he 
was afterwards so distinguished. It appears that the 
water required for the purposes of his engine, as well as 
for the use of the works, was pumped from a considerable 
depth, being supplied from the adjacent extensive sand 
strata. The pumps frequently got choked by the sand 
drawn in at the bottom of the well through the snore-holes, 
or apertures through which the water to be raised is ad- 
mitted. The barrels soon became worn, and the bucket 
and clack leathers destroyed, so that it became necessai-y 
to devise a remedy ; and with this object the engineman 
proceeded to adopt the following simple but original expe- 
dient. He had a wooden box or boot made, twelve feet 
high, which he placed in the sump or well, and into this 
he inserted the lower end of the pump. The result was, 
that the water flowed clear from the outer part of the well 
over into the boot, and being drawn up without any ad- 
mixture of sand, the difficulty was thus conquered.* 

Being paid good wages, Stephenson contrived, during 
the year he worked at Montrose, to save a sum of 28/., 
which he took back with him to KillingwortL Longing 
to get back to his kindred, his heart yearning for the son 
whom he had left behind, our engineman took leave of his 
employers, and trudged back to Northumberland on foot as 
he had gone. While on his journey southward he arrived 
late one evening, footsore and wearied, at the door of a 
small farmer's cottage, at which he knocked, and requested 
shelter for the night. It was refused, and then he entreated 



* This incident was related by 
Robert Stephenson during a voyage 
to the north of Scotland in 1857, 
when oft' Montrose, on board his 
yacht Titania ; and the remi- 
niscence was communii'ated to the 
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sent, at Mr. Stephenson's request, 
as being worthy of insertion in his 
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that, being tirsd, and unable to proceed further, the farmer 
would permit him to lie down in the outhouse, for that a 
little clean straw would serve him. The farmer's wife 
appeared at the door, looked at the traveller, then retiring 
with her husband, the two confabulated a little apart, and 
finally they invited Stephenson into the cottage. Always 
full of conversation and anecdote, he soon made himself at 
home in the farmer's family, and spent with them a few 
pleasant hours. He was hospitably entertained for the 
night, and when he left the cottage in the morning, he 
pressed them to make some charge for his lodging, but they 
refused to accept any recompense. They only asked him 
to remember them kindly, and if he ever came that way, to 
be sure and call again. Many years after, when Stephenson 
had become a thriving man, he did not forget the himible 
pair who had succoured and entertained him on his way ; 
he sought their cottage again, when age had silvered their 
hair ; and when he left the aged couple, they may have 
been reminded of the old saying that we may sometimes 
'* entertain angels unawares." 

Beaching home, Stephenson found that his father had 
mot with a serious accident at the Blucher Pit, which had 
reduced him to great distress and poverty. While engaged 
in the inside of an engine, making some repairs, a fellow- 
workman accidentally let in the steam upon him. The 
blast struck him full in the face ; he was terribly scorched, 
and his eyesight was irretrievably lost. The helpless and 
infiim man had struggled for a time with poverty; his 
sons who were at home, poor as himself, were little able to 
help him, while George was at a distance in Scotland. On 
his return, however, with his savings in his pocket, his first 
step was to pay off his father's debts, amounting to about 
161, ; and shortly after he removed the aged pair from 
Jolly's Close to a comfortable cottage adjoining the 
tramroad near the West Moor at Killingworth, where the 
old man lived for many years, supported entirely by his son. 

Stephenson was again taken on as a })rakesman at the 
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West Moor Pit. He does not seem to have been ver^ hope* 
ful as to his prospects in life 8|.bout this time (1807-8). 
Indeed the condition of the working class generally was 
very discouraging. England was engaged in a great war, 
which pressed upon the industry, and severely tried the 
resources, of the country. There was a constant demand 
for men to fill the army. The working people were also 
liable to be pressed for the navy, or drawn for the militia ; 
and though they could not fail to be discontented imder 
such circumstances, they scarcely dared even to mutter 
their discontent to their neighbours. 

Stephenson was drawn for the militia: he must there- 
fore either quit his work and go a-soldiering, or find a 
substitute. He adopted the latter course, and borrowed 6?., 
which, wit<h the remainder of his savings, enabled him to 
provide a militiaman to serve in his stead. Thus the 
whole of his hard- won earnings were swept away at a 
stroke. He was almost in despair, and contemplated the 
idea of leaving the country, and emigrating to the United 
States. Although a voyage thither was then a much more 
formidable thing for a working man to accomplish than a 
voyage to Australia is now, he seriously entertained the 
project, and had all but made up his mind to go. His sister 
Ann, with her husband, emigrated about that time, but 
George could not raise the requisite money, and they 
departed without him. After all, it went sore against 
his heart to leave his home and his kindred, the scenes 
of his youth and the friends of his boyhood ; and he strug- 
gled long with the idea, brooding over it in sorrow. 
Speaking afterwards to a friend of his thoughts at the 
time, he said ; " You know the road from my house at the 
West Moor to Killingworth. I remember once when I 
went along that road 1 wept bitterly, for 1 knew not where 
my lot in life would be cast." 

In 1808, Stephenson, with two other brakesmen, took a 
small contract imder the colliery lessees for brakeing the 
engines at the West Moor Pit. The brakesmen found the 
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oil and tallow ; they divided the work amongst them, and 
were paid so much per score for their labour. It was the 
interest of the brakesmen to economise the working as 
much as possible, and George no sooner entered upon the 
contract than he proceeded to deyise ways and means of 
making it " pay." He observed that the ropes which, at 
other pits in the neighbourhood, lasted about three months, 
at the West Moor Pit became worn out in about a month. 
He immediately set about ascertaining the cause of the 
defect ; and finding it to be occasioned by excessive friction, 
he proceeded, with the sanction of the head engine-wright 
and the colliery owners, to shift the pulley-wheels and 
re-arrange the gearing, which had the effect of greatly 
diminishing the tear and wear, besides allowing the work 
of the colliery to proceed without interruption. 

About the same time he attempted an improvement in 
the winding-engine which he worked, by placing a valve 
between the air-pump and condenser. This expedient, 
although it led to no practical result, showed that his mind 
was actively engaged in studying new mechanical adapta- 
tions. It continued to be his regular habit, on Saturdays, 
to take his engine to pieces, for the purpose, at the same 
time, of familiarising himself with its action, and of placing 
it in a state of thorough working order. By mastering 
its details, he was enabled, as opportunity occurred, to turn 
to practical account the knowledge he thus diligently and 
patiently acquired. 

Such an opportunity was not long in presenting itself. 
In the year 1810, a new pit was sunk by the "Grand 
Allies *' (the lessees of the mines) at the village of Killing- 
worth, now known as the Killingworth High Pit. An 
atmospheric or Newcomen engine, made by Smeaton, was 
fixed there for the purpose of pumping out the water from 
the shaft ; but somehow it failed to clear the pit. As one 
of the workmen has since described the circumstance — 
" She couldn't keep her jack-head in water : all the engine- 
men in the neighbourhood were tried, as well as Crowthei 
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of the Chisebum, but they were clean bet" The engine 
had been fruitlessly pumping for nearly twelve months, 
and began to be spoken of as a total fEtilure. Stephenson 
had gone to look at it when in (»ourse of erection, and then 
observed to the over-man that ho thought it was defective ; 
he also gave it as his opinion ihat, if there were much 
water in the mine, the engine would never keep it under. 
Of course, as he was only a brakesman, his opinion was 
considered to be worth very little on such a point. He 
continued, however, to make frequent visits to the engine, 
to see "how she was getting on." FroDfi the bank-head 
where he worked his brake he coidd see the chimney 
smoking at the High Pit; and as the men were passing 
to and from their work, he would call out and inquire " il 
they had gotten to the bottom yet ?" And the reply was 
always to the same effect — ^the pumping made no progress, 
and the workmen were still " drowned out" 

One Saturday afternoon he went over to the High Pit ta 
dxamine the engine more carefully than he had yet done. 
He had been turning the subject over thoughtfully in his 
ixund ; and seemed to have satisfied himself as to the cause 
of the failure. Kit Heppel, one of the sinkers, asked him, 
" Weel, George, what do you mak' o' her? Do you think 
you could do anything to improve her ?" Said George, " 1 
oould alter her, man, and make her draw : in a week's time 
I could send you to the bottom." 

Forthwith Heppel reported this conversation to Balph 
Dodds, the head viewer, who, being now quite in despair, 
and hopeless of succeeding with the engine, determined to 
give George's skill a triaL At the worst he could only 
fail, as the rest had done. In the evening, Dodds went in 
search of Stephenson, and met him on the road, dressed in 
his Sunday's suit, on the way to " the preaching " in the 
Methodist Chapel, which he attended. "Well, George," 
said Dodds, " they tell me that you think you can put the 
engine at the High Pit to rights." " Yes, sir," said Geoi^e. 
*' I think I could." " If that's the case, I'll give you a fair 
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trial, and you must set to work immediately. We are clean 
drowned out, and cannot get a st«p further. The engineci*a 
nereabouts are all Let ; and if you really succeed in accom- 
plishing what they camiot do, you may depend upon it I 
will make you a man for life." 

Stephenson began his operations early next morning. 
ITie only condition that he made, before setting to work, 
was that he should select his own workmen. There was, 
as he knew, a good deal of jealousy amongst the " regular " 
men that a colliery brakesman should pretend to know more 
alx)ut their engine than they themselves did, and attempt 
to remedy defects which the most skilled men of their craft, 
including the engineer of the colliery, had failed to do. 
But George made the condition a «tn6 qua non. "The 
workmen," said he, "must either be all Whigs or all 
Tories." There was no help for it, so Dodds ordered the 
old hands to stand aside. The men grumbled, but gave 
way ; and then George and his party went in. 

The engine was taken entirely to pieces. The cistern 
containing the injection water was raised ten feet; the 
injection cock, being too small, was enlarged to nearly 
double its former size, and it was so arranged that it 
should be shut off quickly at the beginning of the stroke. 
These and other alterations were necessarily performed in 
a rough way, but, as the result proved, on true principles. 
Stephenson also, finding that the boiler would bear a 
greater pressure than five pounds to the inch, determined 
to work it at a pressure of ten pounds, though this was con- 
trary to the directions of both Newcomen and Smeaton. 
The necessary alterations were made in about three days, 
and many persons came to see the engine start, including 
the men who had put her up. The pit being nearly fall of 
water, she had little to do on starting, and, to use George s 
words, " came bounce into the house." Dodds exclaimed, 
" Why, she was better as she was ; now, she will knock the 
house down." After a short time, however, the engine got 
fairly to work, and by ten o'okxik that night the water wab 
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fower in the pit than it had ever been before. It was kept 
pumping all Thursday, and by the Friday afternoon the 
pit was cleared of water, and the workmen were " sent to 
the bottom," as Stephenson had promised. Thus the 
alterations effected in the pumping apparatus proved com- 
pletely successful. 

Dodds was particularly gratified with the manner in 
wliich the job had been done, and he made Stephenson a 
present of ten pounc^, which, though very inadequate when 
compared with the value of the work performed, was ac- 
cepted with gratitude. George was proud of the gift as the 
first marked recognition of his skill as a workman ; and he 
used afterwards to say that it was the biggest sum of money 
he had up to that time earned in one lump. Ralph Dodds, 
however, did more than this. He released the brakesman 
from the handles of his engine at West Mooi, and appointed 
him engineman at the High Pit, at good wages, during the 
time the pit was sinking, — the job lasting for about a 
year ; and he also kept him in mind for further advance- 
ment. 

Stephenson's skill as an engine-doctor soon became noised 
abroad, and he was called upon to prescribe remedies for all 
the old, wheezy, and ineffective pumping-machines in the 
neighbourhood. In this capacity he soon left the " regular " 
men far behind, though they in their turn were very much 
disposed to treat the Killingworth brakesman as no better 
than a quack. Nevertheless, his practice was really founded 
upon a close study of the principles of mechanics, and on 
an intimate practical acquaintance with the details of the 
pumping-engine. . 

Another of his smaller achievements in the same line : s 
still told by the people of the district. At the comer of the 
road leading to Long Benton, there was a quarry from which 
a pecidiar and scarce kind of ochre was taken. In the course 
\ of working it out, the water had collected in considerable 
^^uantities ; and there being no means of draining it off, it 
ikjcumulated to such an extent that the further working oi 
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tlie ochre was almcMst entirely stopped. Ordinary pnmps were 
tried, and failed ; and then a windmill was tried, and failed 
toa On this, George was asked what ought to be done to 
clear the quarry of the water. He said, "he would set 
np for them an engine little bigger than a kail-pot, that 
would clear them out in a week." And he did so. A little 
engine was speedily erected, by means of which the quarry 
was pumped diy in the course of a few days. Thus his 
skill as a pump-doctor soon became the marvel of the 
district. 

In elastic muscular vigour, Stephenson was now in his 
prime, and he still continued to be zealous in measuring his 
strength and agility with his fellow workmen. The com- 
petitive element in his nature was always strong ; and his 
success in these feats of rivalry was certainly remarkable. 
Few, if any, could lift such weights, throw the hammer and 
putt the stone so far, or cover so great a space at a standing 
or running leap. One day, between the engine hour and the 
rope-rolling houi'. Kit Heppel challenged him to leap from 
one high wall to another, with a deep gap between. To 
Heppel's surprise and dismay, George took the standing 
leap, and cleared the eleven feet at a bound. Had his eye 
been less accurate, or his limbs less agile and sure, the feat 
must have cost him his life. 

But 80 full of redundant mus(iular vigour was he, that 
leaping, putting, or throwing the hammer were not enough 
for him. He was also ambitious of riding on horseback, 
and, as he had not yet been promoted to an office enabling 
him to keep a horse of his own, he sometimes borrowed one of 
the gin-horses for a ride. On one of these occasions, he 
brought tho animal back reeking ; when Tommy Mitche- 
son, the bank horse-keeper, a rougli-spoken fellow, exclaimed 
to him : " Set such fellows as you on horseback, and you'll 
so«m ride to the De'il." But Tommy Mitcheson lived to 
tell the joke, and to confess that, after all, there had been a 
better issue to George's horsemanshir than that which he 
predicted. 
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Old Cree, the engine-wright at Killingwortli High Pit, 
haTing 'been tilled by an accident, George Stephenson was, 
in 1812, appointed engine-wright of the colliery at the 
salary of 1002. a year. He was also allowed the use of a 
galloway to ride upon in hia visits of inspection to the 
collieries leased hy the " Grand Allies " in that neighbonr- 
hood. The " Grand Allies " were a company of gentlemen, 
coosiating of Sir Thomas Liddell (afterwards Lord RaTens- 
worth), the Earl of Strathmore, ano Mr. Stuart Wortley 
(afterwards Lord WhamcHfFe), the lessees of the Killing- 
worth collieries. Having been informed of the merits of 
Stephenson, of his indefatigable industry, and the skill 
which he had displayed in the repairs of the pumping- 
engines, they readily acceded to Mr. Dodda' recommendation 
that he should be appointed the colliery engine-wright; 
and, as we shall afterwards find, they continued to honour 
him by distinguished marks of their approval 
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CHAPTEE IV. 



The Stbphehbohs at Killihoworth — Eduoatioit and 
SBLF-EotOATiOH or Fathbb ahs Son. 

Geoboe SrEPHENSos had now been dUigently employed for 
seyeral years in the work of self-improTement, and he expe- 
rienced the usual results in increasing mental strength, 
capability, and skilL Perhaps the secret of every man's 
beet BUGcess is to be found in (ho alacrity and industry 
with ■which he takes advantage of the opportunities which 
present themselves for well-doing. Our eogineman was an 
eminent illustration of the importance of Cultivating this 
habit of life. Every spare moment was laid under contribn- 
tion by him, either for the purpose of adding to his earnings, 
or to his knowledge. He missed no opportunity of extend- 
ing his observations, especially in his own department of 
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work, ever aiming at improvement, and trying to turn aU 
tliat he did know to useful practioal account. 

He continued his attempts to solve the mystery of Per- 
petual Motion, and contrived several model machines with 
the object of embodying his ideas in a practical working 
shape. He afterwards used to lament the time he had lost 
in these futile efforts, and said that if he had enjoyed the 
opportunity which most young men now have, of learning 
from books what previous experimenters had accomplished, 
he would have been spared much labour and mortification. 
Kot being acquainted with what other mechanics had 
done, he groped his way in pursuit of some idea originated 
by his own independent thinking and observation; and, 
when he had brought it into some definite form, lo! he 
found that his supposed invention had long been known and 
recorded in scientific books. Often he thought he had hit 
upon discoveries, which he subsequently found were but old 
and exploded fiEtllacies. Yet his very struggle to overcome 
the difficulties which lay in his way, was of itself an educa- 
tion of the best sort By wrestling with them, he strength- 
ened his judgment and sharpened his skill, stimulating and 
cultivating his inventiveness and mechanical ingenuity. 
Being very much in earnest, he was compelled to consider 
the subject of his special inquiry in all its relations ; and 
thus he gradually acquired practical ability even through 
his very efibrts after the impracticable. 

Many of his evenings were now spent in the society ol 
Jolm Wigham, whose father occupied the Glebe Farm at 
Benton, close at hand. John was a fair penman and a 
sound arithmetician, and Stephenson sought his society 
chiefly for the purpose of improving himself in writing and 
" figures." Under Andrew Kobertson, he had never quite 
mastered the Bule of Three, and it was only when Wigham 
took l^irn in hand that he made much progress in the higher 
branches of arithmetic. He generally took his slate with 
him to the Wighams' cottage, when he had his sums set, 
that he might work them out while tending his engine on 
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the folloM-ing day. When too busy to be able to call upon 
Wigham, he sent the slate to have the former sums cor- 
rected and new ones set. Sometimes also, at leisure mo- 
ments, he was enabled to do a little " figuring " with 
chalk upon the sides of the coal-wagons. So much patient 
perseverance could not but eventually succeed ; and by dint 
of practice and study, Stephenson was enabled to master 
successively the various rules of arithmetic. 

John Wigham was of great use to his pupil in many 
ways. He was a good talker, fond of argument, an exten- 
sive reader as country reading went in those days, and a 
very suggestive thinker. Though his store of infoiination 
might be comparatively small when measured with that of 
more highly-cultivated minds, much of it was entirely new 
to Stephenson, who regarded him as a very clever and 
ingenious person. 

Wigham taught him to draw plans and sections ; though 
in this branch Stephenson proved so apt that he soon sur- 
passed his master. A volimie of * Ferguson's Lectures on 
Mechanics,' which fell into their hands, was a great treasure 
to both the students. One who remembers their evening 
occupations says he used to wonder what they meant by 
weighing the air and water in so odd a way. They were 
trying the specific gravities of objects; and the devices 
which they employed, the mechanical shifts to which they 
were put, were often of the rudest kind. In these evening 
entertainments, the mechanical contrivances were supplied 
by Stephenson, whilst Wigham found the scientific rationale. 
The opportunity thus afforded to the foimer of cultivating 
his mind by contact with one wiser than himself proved of 
great value, and in after-life Stephenson gratefully remem- 
bered the assistance which, when a himible workman, he 
had derived from John Wigham, the farmer's son. 

His leisure moments thus carefully improved, it will be 
inferred that Stephenson continued a sober man. Though 
his notions were never extreme on this point, he was 
systematically temperate. It appears that on the invitation 

V. K 
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of his master, lie had, on ono or two occasions, been induced 
to join hiTn in a forenoon glass of ale in the public-house of 
the village. But one day, about noon, when Dodds had got 
him as far as the jpubHo-house door, on his invitation to 
** come in and take a glass o' yel," Stephenson made a dead 
stop, and said, firmly, " No, sir, you must excuse me ; I have 
made a resolution to drink no more at this time of day." 
And he went back. He desired to retain the character of 
a steiidy workman; and the instances of men about him 
who had made shipwreck of their character through intem- 
perance, were then, as now, unhappily but too frequent. 

But another consideration besides his own seK-improve- 
ment had already begun to exercise an important influence 
on his life. This was the training and education of his 
son Eobert, now growing up an active, intelligent boy, as 
full of fun and tricks as his father had been. "When a 
little fellow, scarcely able to reach so high as to put a clock- 
head on when placed upon the table, his father would make 
him mount a chair for the purpose ; and to " help father " 
was the proudest work which the boy then, and ever after, 
could take part in. When the little engine was set up at 
the Ochre Quarry to pump it dry, Eobert was scarcely 
absent for an hour. He watched the machine very eagerly 
when it was set to work ; and he was very much annoyed 
at the fire burning away the grates. The man who fired 
the engine was a sort of wag, and thinking to get a laugh 
at the boy, he said, "Those bars are getting varra bad, 
Robert ; I think we maun cut up some of that hard wood, 
and put it in instead." " What would be the use of thai, 
you fool ? " said the boy quickly. " You would no sooner 
have put them in than they would be burnt out again ! " 

So soon as Eobert was of proper age, his father sent him 
over to the road-side school at Long Benton, kept by Eutter, 
the parish clerk. But the education which Eutter oould 
give was of a very limited kind, scarcely extending beyond 
the primer and pothooks. While working as a brakesman 
on the pit-head at Killingworth, the fathei had often 



Chap. IV. EDUCATION OF HIS SON ROBERT. 51 

bethought him of the obstructions he had himself encoun- 
tered in life through his want of schooling; and he 
formed the noble determination that no labour, nor pains, 
nor self-denial on his part should be spared to furnish his 
son vdOi the best education that it was in his power tc 
bestow. 



It is true his earnings were comparatively small at that 
time. He was still maintaining his infirm parents ; and the 
coat of living continued excessive. But he fell back upon 
his old expedient of working up his spare time in the 
evenings at home, or during the night shifts when it was 
his turn to tend the engine, in mending and making shoes, 
cleaning clocks and watches, making shoe-lasts for the shoe- 
makets of the neigbourhood, and cutting out the pitmen's 
clothes for their wives ; and we have been told that to this 
K 2 



52 



BRUCE'S SCB30L, NEWCASTLE. 



Chap. IV, 



day there are clothes worn at Eillingworth made after 
'* Goordy Steevie's cut." To give his own words : — " In the 
earlier period of my career," said he, " when Eobert was a 
little boy, I saw how deficient I was in education, and I 
made up my mind that he should not labour under the same 
defect, but that 1 would put him to a good school, and give 
him a liberal training. I was, however, a poor man ; and 
how do you think I managed ? I betook myself to mending 
my neighbours* clocks and watches at nights, after my 
daily labour was ' done, and thus I procured the means of 
educating my son." * 

Carrying out the resolution as to his boy's education, 
Robert was sent to Mr. Bruce*s school in Percy Street, 
Newcastle, at Midsummer, 1815, when he was about twelve 
years old. His father bought for him a donkey, on which 
ho rode into Newcastle and back daily ; and there are many 
8tm UviBg who remember the Httle boy, dressed in his suit 
of homely grey stuff, cut out by his father, cantering along 
to school upon the " cuddy," with his wallet of provisions 
fbr the day and his bag of books slung over his shoulder. 

When Robert went to Mr. Bruce's school, he was a shy, 
unpolished country lad, speaking the broad dialect of the pit- 
men ; and the other boys would occasionally tease him, for the 
purpose of provoking an outburst of his E^ingworth Doric. 
As the shyness got rubbed off, his love of fan began to show 
itselfi and he was found able enough to hold his own 
amongst the other boys. As a scholar he was steady and 
diligent, and his master was accustomed to hold him up to 
the laggards of the school as an example of good conduct 
and industry. But his progress, though satisfactory, was by 
no means extraordinary. He used in after-life to pride 
himself on his achievements in mensuration, though another 
boy, John Taylor, beat him at arithmetic. He also made 
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considerable progress in mathematics; and in a letter 
written to the son trf his teacher, many years after, he eaid, 
"It was to Mr. Bmce's tuition and methods of modelling 



the mind that I attribute much of my success as an en- 

^neer; for it was from him that I derived my taste for 
mathematical pursuits and the facility I possess of applying 
thii? kind of knowledge to practical purposes and modifying 
it according to circumstances." 

During the time Eobert attended school at Xewcastle, 
his father made the boy's education instnmientat to his 
own, Eobert was accustomed to spend some of his spare 
time at the rooms of the Literaiy and Philosophical 1 nsti- 
tute ; and when ho went homo in the evening, he would 
recount to his father the resulta of his reading. Sometimes 
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he vras allowed to take with him to Killingworth a voliimo 
of the * Repertory of Arts and Sciences,' which £ither and 
son studied together. But many of the most valuable 
works belonging to the Newcastle Libraiy were not lent 
out ; these Eobert was instructed to read and study, and 
bring away with him descriptions and sketches for his 
father's information. His father also practised liin^ in 
reading plans and drawings without reference to the 
written descriptions. He used to observe that " A good plan 
should always explain itself;" and, placing a drawing of 
an engine or machine before the youth, would say, " There, 
now, describe that to me — ^the arrangement and the action." 
Thus he taught him to read a drawing as easily as he 
would read a page of a book. Both father and son profited 
by this excellent practice, which enabled them to appre- 
hend with the greatest facility the details of even the mosl 
difficult and complicated mechanical drawing. 

While Robert went on with his lessons in the evenings, 
his father was usually occupied with his watch and clock 
cleaning ; or in contriving models of pumping-engines ; or 
endeavouring to embody in a tangible shape the mechanical 
inventions which he found described in the odd volumes on 
Mechanics which fell in his way. This daily and unceasing 
example of industry and application, in the person of a 
loving and beloved father, imprinted itself deeply upon the 
boy's heart in characters never to be eflfe,ced. A spirit of 
self-improvement was thus early and carefully planted and 
fostered in Robert's mind, which continued to influence 
him through life ; and to the close of his career, he was 
proud to confess that if his professional success had been 
great, it was mainly to the example and training of hip 
father that he owed it. 

Robert was not, however, exclusively devoted to study, 
but, like most boys full of animal spirits, he was very fond 
of fun and play, and sometimes of mischief. Dr. Bruce 
relates that an old Killlngwortli labourer, when asked by 
Robert, on one of his last visits to Newcastle, if h*^ remeiu- 
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bered him, replied with emotion, " Ay, indeed ! Haven^t 1 
paid your head many a time when you came with your 
father's bait, for you were always a sad hempy ?" 

The author had the pleasure, in the year 1854, of accom- 
panying Eobert Stephenson on a visit to his old home and 
haunts at Killingworth. He had so often travelled the 
road upon his donkey to and from school, that every foot 
of it was familiar to him ; and each turn in it served to 
recall to mind some incident of his boyish days. His eyes 
glistened when lie came in dght of Killingworth pii-head. 
Pointing to a humble red-tiled house by the road-side at 
Benton, he said, " You see that bouse — ^that Vas Butter's, 
where I learnt my ABC, and made a beginning of my 
school learning. And there," pointing to a colliery chim- 
ney on the left, " there is Long Benton, where my father 
put up his first pumping-engine ; and a great success it 
was. And this humble clay-floored cottage you see here, is 
where my grandfather lived till the close of his life. Many 
a time have I ridden straight into the house, mounted on 
my cuddy, and called upon grandfather to admire his 
points. I remember the old man feeling the animal all 
over — ^he was then quite blind — after which he would 
dHate upon the shape of bis ears, fetlocks, and quarters, 
and usually end by pronouncing him to be a ' real blood.' 
I was a great favourite with iiie old man, who continued 
very fond of animals, and cheerful to the last; and 1 
believe nothing gave him greater pleasure than a visit from 
me and my cuddy." 

On the way from Benton to High Killingworth, Mr. 
Stephenson pointed to a comer of the road where he had 
once played a boyish trick upon a Killingworth collier. 
** Straker," said he, " was a great bully, a coarse, swearing 
fellow, and a perfect iyrant amongst the women and 
children. He would go tearing into old Kanny the 
huxter's shop in the village, and demand in a savage voice, 
'What's ye'r best ham the pund?' ♦What's floor the 
hunder ? ' What d'ye ax for prime bacon ^ * — ^his questions 
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often endmg with the miserable order, accompanied with a 
tremendous oath, of ' Gie's a penny rrow (roll) an' a baubeo 
herrin 1* The poor woman was usnally s^t * all of a shake * 
by a visit from this fellow. He was also a great boaster, 
and used to crow over the robbers whom he had put to 
flight; mere men in buckram, as everybody knew. We 
boys," he continued, " believed him to be a great coward, 
and determined to play him a tricl^ Two other boys 
joined me in waylaying Straker one night at that comer," 
pointing to it. " We sprang out and called upon him, in 
as gruff voices as we could assume, to * stand and deliver !* 
He dropped down upon his knees in the dirt, declaring he 
was a poor man, with a sma* fiimily, asking for * mercy,' 
and imploring us, as * gentlemen, for God's sake, t' let him 
a-be !' We couldn't stand this any longer, and set up a 
shout of laughter. Eecognizing our boys' voices, he sprang 
to his feet and rattled out a volley of oaths; on which 
we cut through the hedge, and heard him shortly after 
swearing his way along the road to the yel-house." 

On another occasion, Eobert played a series of tricks of 
a somewhat different character. Like his father, he was 
very fond of reducing his scientific reading to practice ; and 
after studying Franklin's description of the lightning expe- 
riment, he proceeded to expend his store of Saturday 
pennies in purchasing about half a mile of copper wire at 
a brazier's shop in Newcastle. Having prepared his kite, 
he sent it up in the field opposite his father's door, and 
biinging the wire, insulated by means of a few feet of silk 
oord, over the backs of some of Farmer Wigham's cows, he 
soon had them skipping about the field in all directions 
with their tails up. One day he had his kite flying at the 
cottage-door as his father's galloway was hanging by the 
bridle to the paling, waiting for the master to mount. 
Bringing the end of the wire juiat over the pony's crupper, 
so smart an electric shock was given it, that the brute was 
almost knocked down. At this juncture the father issued 
from the door, riding- whip in hand, and waS witness to the 
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scientific trick just played off upon hia galloway. " Ah ! 
you miscliievoas acoondrel !" cried he to the boy, who ran 
off. He inwardly chuckled with pride, nevertheless, at 
Eobert's successful experimeni* 

At this time, and for many years after, Stephenson dwelt 
in a cottage standing by the side of the road leading from 
the West Moor colliery to Killingworth. The railway 
from the West Moor Pit crosses this road close by the east 
end of the cottage. The dwelling originally consisted of 
but one apartment on the ground-floor, with the garret 



* Bobert Stephenaon was per- tioo for the secoad, and wrote tha 
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over-head, to whicli access was ooiained by means of a step- 
ladder. But with his own hands Stephenson built an oven, 
and in the course of time he added rooms to the cottage, 
until it became a comfortable four-roomed dwelling, in 
which he lived as long as he remained at Killingworth. 

He continued as fond of birds and animals as ever, and 
seemed to have the power of attaching them to him in a 
remarkable degree. He had a blackbird at Killingworth 
so fond of him that it would fly about the cottage, and on 
holding out his finger, would come and perch upon it A 
cage was built for " blackie " in the partition between the 
passage and the room, a square of glass forming its outer 
wall; and Eobert used afterwards to take pleasure in 
describing the oddity of the bird, imitating the manner in 
which it would cock its head on his father's entering the 
aouse, and follow him with its eye into the inner apart- 
ment. 

Neighbours were accustomed to call at the cottage and 
have their clocks and watches set to rights when they went 
wrong. One day, after looking at the works of a watch 
left by a pitman's wife, George handed it to his son ; " Put 
her in the oven, Kobert," said he, " for a quarter of an hour 
or so." It seemed an odd way of repairing a watch ; never- 
theless, the watch was put into the oven, and at the end of 
the appointed time it was taken out, going all right. The 
wheels had merely got clogged by the oil congealed by the 
cold ; which at once explains the rationale of the remedy 
adopted. 

There was a little garden attached to the cottage, in 
which, while a workman, Stephenson took a pride in grow- 
ing gigantic leeks and astounding cabbages. There was 
great competition amongst the villagers in the growth of 
vegetables, all of whom he excelled, excepting one of his 
neighbours, whose cabbages sometimes outshone his. In 
the protection of his garden-crops from the ravages of the 
birds, he invented a strange sort of "fley-craw," which 
moved its arms with the wind ; and he fastened his garden- 
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door by means of a piece of ingenioTis mechanism, so that 
no one but himself could enter it. His cottage was quite a 
curiosity-shop of models of engines, self-acting planes, and 
perpetual-motion machines. The Jast-named contrivances, 
however, were only unsuccessful attempts to solve a problem 
which had effectually baffled hundreds of preceding in- 
ventors. His odd and eccentric contrivances often excited 
great wonder amongst the Killingworth villagers. He won 
the women's admiration by connecting their cradles with 
the smoke-jack, and making them self-acting. Then he 
astonished the pitmen by attaching an alarum to the clock 
of the watchman whose duty it was to call them betimes in 
the morning. He also contrived a wonderful lamp which 
burned under water, with which he was afterwards wont to 
amuse the Brandling family at Gosforth, — agoing into the 
fish-pond at night, lamp in hand, attracting and catching 
the fish, which rushed wildly towards the flame._- - 

Dr. Bruce tells of a competition which Stephenson had 
with the joiner at Killingworth, as to which of them could 
make the best shoe-last ; and when the former had done his 
work, either for the humour of the thing, or to secure fair 
play from the appointed judge, he took it to the Morrisons 
in Newcastle, and got them to put their stamp upon it. So 
that it 16 possible the Killingworth brakesman, afterwards 
the inventor of the safety lamp and the originator of the 
railway system, and John Morrison, the last-maker, after- 
wards the translator of the Scriptures into the Chinese 
language, may have confronted each other in solemn con- 
templation over the successful last, which won the verdict 
coveted by its maker. 

Sometimes he would endeavour to impart to his fellow- 
workmen the results of his scientific reading. Everything 
that he learnt from books was so new and so wonderful to 
him, that he regarded the facts he drew from them in the 
light of discoveries, as if they had been made but yesterday. 
Once he tried to explain to some of the pitmen how the 
oarth was round, and kept turning round. But his auditoib 
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flatly declared flie fluiig to be impossible, as it was dear 
that " at the bottom side they must fell off!" " Ah !" said 
George, "you don't quite understand it yet" Hia son 
Robert also early endeavoured to communicate to others 
the information which he had gathered at Bchool ; and Dr. 
Bruce has related that, when visiting Killingworth on one 
occasion, he found him engaged in teaching algebra to such 
of the pitmen's boys as would become hia pupils. 

'WHle Eobert was still at school, his fether proposed to 
him during the holidays that he should ooustruct a sun-dial, 
to be placed over their cottage-door at West Moor. " I 
expostulated with him at first," said Eobert, "that I had 
not leamt sufBoient astronomy and mathematics to enable 
mo to make the necessaiy calculations. But he would have 
no denial. ' The thing is to be done,' said he ; 'so just set 
about it at once.' Well ; we got a ' Fei^uson's Astronomy,' 
and studied the subject together. Many a sore head I had 
while mating the necessary calculations to adapt the dial 
to the latitude of Killingwortli, But at length it was fairly 
drawn out on paper, 
and then my father got 
a atone, and we hewed, 
and carved, and polish- 
ed it, until we made 
a very respectable dial 
. of it; and there it is, 
you see," pointing to 
it over the cottage - 
' door, " still quietly 
, numbering the hours 
. when the sun is shin- 
ing. I assure you, not 
a little was thought of 
that piece of work by 
the pitmen when it 
was put up, and began to tell its tele of time." The date 
carved upon the dial is "August 11th, mdcccxvl" Both 



Chap. IV. ERECTS HIS FIEST WINDING-ENGINE. 61 

father and son were in after-life very proud of the joint 
production. Many years after, George took a party of savans, 
when attending the meeting of the British Association at 
Newcastle, over to Killingworth to see the pits, and he did not 
fail to direct their attention to the sun-dial ; and Eobert, on 
the last visit which he made to the place, a short time 
before his death, took a friend into the cottage, and pointed 
out to him the very desk, still there, at which he had sat 
while making his calculations of the latitude of Killingworth. 

From the time of his appointment as engineer at the 
Killingworth Pit, George Stephenson was in a measure 
relieved from the daily routine of manual labour, having, 
as we have seen, advanced himself to the grade of a higher 
class workman. But he had not ceased to be a worker, 
though he employed his industry in a different way. It 
might, indeed, be inferred that he had now the command of 
greater leisure ; but hifl spare hours were as much as ever 
given to work, either necessary or self-imposed. So far as 
regarded his social position, he had already reached the 
summit of his ambition ; and when he had got his hundred 
a year, and his dun galloway to ride on, he said he never 
wanted to be any higher. When Kobert Whetherly offered 
to give him an old gig, his travelling having so much 
increased of late, he accepted it with great reluctance, 
observing, that he should be ashamed to get into it, " people 
would think him so proud." 

When the High Pit had been sunk, and the coal was 
ready for working, Stephenson erected his first winding- 
engine to draw the coals out of the pit, and also a pumping- 
engine for Long Benton Colliery, both of which proved quite 
successful. Amongst other works of this time, he project;ed 
and laid down a self-acting incline along the declivity 
which fell towards the coal-loading place near Willington, 
where he had officiated as brakesman ; and he so arranged 
it, that the full waggons descending drew the empty 
waggons up the railroad. This was one of ihe first self 
fikcting inclines laid down m the district 
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Stephenson had now much better opportunities than 
hitherto for improving himself in mechanics. TTia familiar 
acquaintance with the steam-engine proved of great value 
te him. His shrewd insight, and his intimate practical ac- 
quaintance with its mechanism, enabled hiTn to apprehend, 
as if Inr intuition, its most abstruse and difficult combina- 
tions. The practical study which he had given to it when 
a worfemau, and the patient manner in which he had groped 
his way through all the details of the machine, gave him 
the power of a master in dealing with it as applied to 
colliery purposes. 

Sir Thomas Liddell was frequently about the worts, and 
took pleasure in giving every encouragement fo the engine- 
wright in his efforts after improvement. The subject of 
the locomotive ei^ine was already closely occupying 
Stephenson's attention; although it was still regarded as 
a curious and costly toy, of comparatively little real use. 
But he had at an early period defected ite practical value, 
and formed an adequate conception of the might which as 
yet slumbered within it ; and he now bent his entire facul- 
ties to the development of ite extraordinary powers. 



CuUien' CoIUgex ac uing IM 



OHAP. 7. ORIGIN OP THE LOCOMOTIVE. «S 



CHAPTEB V. 
Eablt History of the Looomotiyi! — GEOBOf Stsfuensom 

BEGINS ITS ImPBOYEMENT. 

The rapid increase in the coal-trade of the Tyne about the 
beginning of the present century had the effect of stimu- 
lating the ingenuity of mechanics, and encouraging them 
to devise improved methods of transporting the coal from 
the pits to the shipping places. From our introductory 
chapter, it will have been observed that the improvements 
which had thus fax been effected were confined almost en- 
tirely to the road. The railway waggons still continued to 
be drawn by horses. By improving and flattening the 
ti'amway, considerable economy in horse-power had indeed 
been secured; but unless some more effective method of 
mechanical traction could be devised, it was clear that rail- 
way improvement had almost reached its limits. 

Many expedients had been tried with this object One 
of the earliest was that of hoisting sails upon the waggons, 
and driving them along the waggon-way, aa a ship is driven 
through the water by the wind, lids method seems to 
have been employed by Sir Humphrey Mackworth^ an 
ingenious ooal-miner at Neath in Glamorganshire, about the 
end of the seventeenth century. 

After having been lost sight of for more than a century, 
the same plan of impelling carriages was revived by 
Richard Lovell Edgworth, with the addition of a portable 
railway, since revived also, in Boydell's patent But 
although Mr. Edgworth devoted himself to the subject for 
many years, he failed in securing the adoption of his sailing 
carriage. It is indeed quite clear that a power so uncertaiij 
18 wind could never be relied on for ordinary (raffic, and 
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Mr. Edgworth's project waa coneequently left to repose in 
the limbo of the Patent Office, witi, thousands of other 
equally useless though ingenious contrivancea. 

A much more favourite scheme was the application of 
steam power for the purpose of carriage traction. Savery, 
the in-ventor of the working steam-engine, was the first to 
propose its employment to propel vehiclefl along the common 
roads; and in 1759 Dr. Eobison, then a young. man study- 
ing at Glasgow College, threw out the same idea to his 
friend Jamea Watt ; but the scheme was not matured. 

The first locomotive steam-carriage was built at Paris by 
the French engineer Cugnot, a native of Lorraine. It is 
said to have been invented for the purpose of drawing 
cannon into the field independent of horses. The original 
model of this machine was made in 1763. Count Saxe was 
so much pleased with it, that on his recommendation a full- 
sized engine was constructed at the cost of the French 
monarch ; and in 1769 it was tried in the presence of the 
Due de Choieeul, Minister of War, General Gribeauval, and 
other officera. At one of the experiments it ran with such 
force as to knocli down a wall in its way. But the new 
vehicle, loaded with four persons, could not travel faster 
than two and a half miles an Lour, The boiler was in- 
sufficient in size, and it could only work for about fifteen 
minutes; after which it was necessary to wait until the 



CngoDt't GugiDe. 
Eun had E^in risen to a sufficient pressure. To remedy 
s defect, Cugnot constructed a new machine in 1770, 
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the working of which was more satisfactory. It was com- 
posed of two parts — the fore part consisting of a small 
steam-engine, formed of a round copper boiler, with a 
furnace inside, provided with two small chimneys and two 
single-acting brass steam cylinders, whose pistons acted 
alternately upon the single driving-wheel. The hinder 
part consisted merely of a rude carriage on two wheels to 
carry the load, furnished with a seat in front for the 
conductor. This engine was tried in the streets of Paris ; 
but when passing near where the Madeleine now stands, it 
overbalanced itself on turning a comer, and fell over with a 
crash ; after which, its employment being thought danger- 
ous, it was locked up in the arsenal to prevent further 
mischief. The machine is, however, still to be seen in the 
collection of the Conservatoire des Arts et Metiers at Paris. 
It has very much the look of a long brewer's cart, with 
the addition of the circular boiler hung on at one end. 
Bough though it looks, it was a highly creditable piece of 
work, considering the period at which it was executed; 
and as the first actual machine constructed for the purpose 
of travelling on ordinary roads by the power of steam, it is 
certainly a most curious and interesting mechanical relic, 
well worthy of preservation. 

But though Cugnot s road locomotive remained locked up 
from public sight, the subject was not dead ; for we find 
inventors employing themselves from time to time in 
attempting to solve the problem of steam locomotion in 
places far remote from Paris. The idea had taken root in 
the minds of inventors, and was striving to grow into a 
reality. Thus Oliver Evans, the American, invented a 
steam-carriage in 1772 to travel on common roads; in 1787 
be obtained from the State of Maryland an exclusive right 
to make and use steam-carriages, but his invention never 
oame into use. Then, in 1784, William Symington, one of 
the early inventors of the steamboat, was similarly occupied 
in Scotland in endeavouring to develope the latent powers 
of the steam-carriage. He had a working model of one con- 

V. F 
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fitructed, which he exhibited in 1786 to the professors of 
Ediiibiu^h College ; but the state of the Scotch roads was 
then so bad that he found it impracticable to proceed further 
with his scheme, which he shortly after abandoned in 
favour of steam navigation. 

The same year in which Symington was occupied upon 
hia steam-carriage, William Murdock, the friend and assistant 
of Watt, oonatmct«d his 
model of a locomotive at 
the opposite end of the 
island — at Bedmth in 
ComwalL Hia model was 
of small dimensionB, stand- 
ing little more than a foot 
high; and it was until 
recently in the posscBsion 
of the son of the inventor, 
SocHoDofMiirfock-sModfL ^^^ ^jj^g^ jj^iige we saw it 

a few years ago. The anncKed section will give an idea of 
the arrangements of this machine. 

It acted on the hi^-pressure principle, and, like Cugnot's 
ei^ne, ran upon three wheels, the boiler being heated by a 
epirit-lamp. Small though the machine was, it went bo 
fast on one occasion that it fairly outran its inventor. It 
seems that one night after returning from his duties at the 
Hodruth mine, Murdock determined to try the working of 
hie model locomotive. For this purpose he had recourse to 
the wait leading to tho church, about a mile from the town. 
It was rather narrow, and was bounded on each side by 
high hedges. The night was dark, and Murdock set out 
alone to try his eiperiment Having lit hia lamp, the 
water boiled spoedOy, and off started the engine with the 
inventor after it. He soon heard distant shouta of terror. 
It was too dark to perceive objects; but he found, on 
following up the machine, that the cries proceeded from the 
worthy pastor of the pariah, who, going towards the town, 
was met on this lonely road by the hissing and fieiy little 



Chap V. TREVITHICK'S STEAM-CARRIAGE. 07 

monster, which he subsequently declared he had taken to he 
the Evil One i» propria peraond. No further steps were, 
however, taken by Murdock to embody his idea of a 
locomotive carriage in a more practical form. 

The idea was next taken up by Murdock 's pupil, Eiichard 
Trevithick, who resolved on building a steam-carriage 
adapted for common roads as well as railways. He took 
out a patent to secure the right of his invention in 1802. 
Andrew Vivian, his cousin, joined with him in the patent — 
Vivian finding the money, and Trevithick the brains. 
The steam-carriage built on this patent presented the 
appearance of an ordinary stage-coach on four wheels. The 
engine had one horizontal cylinder, which, together with 
the boiler and the furnace-box, was placed in the rear of the 
hind axle. The motion of the piston was transmitted to a 
separate crank-axle, from which, through the medium of 
spur-gear, the axle of the driving-wheel (which was mounted 
with a fly-wheel) derived its motion. The steam-cocks and 
the force-pump, as also the bellows used for the purpose of 
quickening combustion in the furnace, were worked off the 
same crank-axle. 

John Petherick, of Camborne, has related that he remem- 
bers this first English steam-coach passing along the prin- 
cipal street of his native town. Considerable difficulty was 
experienced in keeping up the pressure of steam ; but when 
there was pressure enough, Trevithick would call upon the 
people to "jump up," so as to create a load upon the engine. 
It was soon covered with men attracted by the novelty, nor 
did theif number seem to make any difference in the speed 
of the engine so long as there was steam enough ; but it was 
constantly running short, and the horizontal bellows failed 
to keep it up. 

This road-locomotive of Trevithick*s was one of the first 
high-pressure working engines constructed on the principle 
of moving a piston by the elasticity of steam against the 
pressure only of the ai3nosphere. Such an engine had been 
iescribod by Leopold, though in his apparatus it was pro- 

F 2 
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posed that the prftssnre snould act only on one side of the 
piston. In Trevithick*8 engine the piston was not only 
raised, but was also depressed by the action of the steam, 
beftig in this respect an entirely original invention, and of 
great merit The steam was admitted from the boiler under 
the piston moving in a cylinder, impelling it upward 
When the motion had reached its limit, the communication 
between the piston and the under side was shut off, and the 
fiteam allowed to escape into the atmosphere. A passage 
being then opened between the boiler and the upper side of 
the piston, which was pressed downwards, the steam was 
again allowed to escape as before. Thus the power of the 
engine was equal to the difference between the pressure of 
the atmosphere and the elasticity of the steam in the 
boiler. 

This steam-carriage excited considerable interest in the 
remote district near the Land s End where it had been 
erected. Being so far removed from the great movements 
and enterprise of the commercial world, Trevithick and 
Vivian determined upon exhibiting their machine in the 
metropolis. They accordingly set out with it to Plymouth, 
whence it was conveyed by sea to London. 

The carriage safely reached the metropolis, and excited 
much public interest. It also attracted the notice of 
scientific men, amongst others of Mr. Davies Gilbert, 
President of the Eoyal Society, and Sir Humphry Davy, 
both Comishmen like Trevithick, who went to see the 
private performances of the engine, and were greatly pleased 
with it. Writing to a Cornish friend shortly after its 
arrival in town, Sir Humphry said : " I shall soon hope to 
hear that the roads of England are the haunts of Captain 
Trevithick's dragons — a characteristic name." The machine 
was afterwards publicly exhibited in an enclosed piece of 
ground near Euston Square, where the London and North- 
western Station now stands, and it dragged behind it a 
wheel-oaiTiage full of passengers. On the second day of 
the performance, crowds flocked to see it ; but Trevithick, 
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in one of his odd freaks, shut up the place, and shortly after 
removed the engine. It is, however, probable that the 
inventor came to the conclusion that the state of the roads 
at that time was such as to preclude its coming into genei*al 
use for purposes of ordinary trafiac. 

While the steam-carriage was being exhibited, a gentle- 
man was laying heavy wagers as to the weight which could 
be hauled by a single horse on the Wandsworth and Croydon 
iron tramway; and the number and weight of waggons 
drawn by the horse were something surprising. Trevithick 
very probably put the two things together — the steam- 
horse and the iron-way — and kept the performance in mind 
when he proceeded to construct his second or railway loco- 
motive. The idea was not, however, entirely new to him ; for, 
although his first engine had been constructed with a view 
to its employment upon common roads, the specification of 
his patent distinctly alludes to the application of his engine 
to travelling on railroads. Having been employed at the 
iron-works of Pen-y-darran, in South Wales, to erect a forge 
engine for the Company, a convenient opportunity presented 
itself, on the completion of this work, for carrying out his 
design of a locomotive to haul the minerals along the Pen-y- 
darran tramway. Such an engine was erected by him in 
1 803, in the blacksmiths' shop at the Company's works, and 
it was finished and ready for trial before the end of the 
year. 

The boiler of this second engine was cylindrical in form, 
flat at the ends, and made of wrought iron. The furnace 
and flue were inside the boiler, within which the single 
cylinder, eight inches in diameter and four feet six inches 
stroke, was placed horizontally. As in the first engine, the 
motion of the wheels was produced by spur gear, to which 
was also added a fly-wheel on one side, to secure a rotatory 
motion in the crank at the end of each stroke of tlie piston 
in the single cylinder. The waste steam was thrown into 
the chimney through a tube inserted into it at right angles ; 
but it will be obvious that this arrangement was not calcu 
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lated to produce any reault in the way of a steam-blast in 
the chimney. In fact, tlie waste gteam seems to have been 
turned into the chimney in order to get rid of the nuisance 
caused by throwing the jet directly into the air. Trevithick 
was here hovering on the vei^ of a great discovery; but 
that he was not aware of the action of the blast in contribut- 
ing to increase the draught and thus quicken combustion, 
is clear from the feet that ho employed bellows for this 
special purpose ; and at a much later dat« (1815) he took 
out a patent which included a method of u^^ing the fire by 
means of fanners.* 



Treviilikk'e Ulgb ]>n39ure Tcsm-Inglite. 

• Mr. Zerah Colbnm, in tua ei- ject. Mr. Nicholson himseir pro- 

cellent work oa 'Locomotive En- ceeded to investigate tlie subjuvt, 

gineenDg and tlie Mechaniam of ttnd in 1806 he took out a patent 

Bailways.' points out that Mr. fot " steam-blaatir^ apparatus," ap- 

Davic:B Gilbert iiol«d the eBect of plicable to fixed engincB. Tre- 

tlio discharge of the waste Btenm vithick himBelf. however, could 

up the chimney of Tievithiek's not have had much faith in the 

eogino in incieasiug the draught, atesm-blaat for locomotive purposes, 

and wrote a letter lo 'Nicholson's else he would not have taken out 

Journal' (Sept 1805) on the sub- bis patent for urging the Are bj 
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At the first trial of this engine it succeeded, in dragging 
after it several waggons, containing ten tons of bar-iron, al 
the rate of about five miles an hour. Eees Jones, who 
worked at the fitting of the engine, and remembers its Y^er- 
formances, says, " She was used for bringing down metal from 
the furnaces to the Old Forge. She worked very well ; but 
frequently, from her weight, broke the tram-plates and the 
hooks between the trams. After working for SMue time in 
this way, she took a load of iron from Pen-y-darran down 
the Basin-road, upon which road she was intended to work. 
On the journey she broke a gi*eat many of the tram-plates, 
and before reaching the basin ran off the road, and had to 
be brought back to Pen-y-darran by horses. The engine 
was never after used as a locomotive."* 

It seems to have been felt that unless the road were 
entirely reconstructed so as to bear the heavy weight of the 
locomotive — so much greater than that of the tram- 
waggons, to carry which the original rails had been laid 
down — the regular employment of Trevithick's high- 
pressure tram-engine was altogether impracticable ; and as 
the owners of the works were not prepared to incur so 
serious a cost, it was determined to take the locomotive off 
the road, and employ it as an engine for other purposes. It 
was accordingly dismounted, and used for some time after 
as a pumping-engine, for which purpose it was found well 
adapted. Trevitiiick himself seems from this time to have 
taken no further steps to bring the locomotive into general 
use. We find him, shortly after, engaged upon schemes of 
a more promising character, abandoning the engine to other 



means of fiinners in 1815. But the 
fact is, that while the speed of the 
locomotive was only four or five 
miles an hour, the blast was scarcely 
needed. It was only when high 
speeds were adopted that artificial 
methods of urging the fire became 
Deoessar}', and that the full import- 



ance of the invention was recog^ 
nised. Like many other invent] ons, 
stimulated if not originated by ne- 
cessity, the steam-blast was cer- 
tainly reinvented, if not invented, 
by George Siephenson. 

* ' Mining Joumal«* 0th Septem 
bar. 185S. 
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mechanical inventors, though little improvement was made 
in it for several years. An imaginary difficulty seems to 
have tended, amongst other obstacles, to prevent its 
adoption; viz., the idea that, if a heavy weight were 
placed behind the engine, the "grip" or "bite" of its 
smooth wheels upon the equally smooth iron rail, must 
necessarily be so slight that they would whirl round 
upon it, and, consequently, that the machine would not 
make progress. Hence Trevithick, in his patent, provided 
that the periphery of the driving-wheels should be made 
rough by the projection of bolts or cross-grooves, so that the 
adhesion of the wheels to the road might be secured. 

Following up the presumed necessity for a more eflfectual 
adhesion between the wheels and the rails, Mr. Blenkinsop 
of Leeds, in 1811, took out a patent for a racked or tooth- 
rail laid along one side of the road, into which the toothed- 
wheel of his locomotive worked as pinions work into a 
rack. The boiler of his engine was supported by a carriage 
with four wheels without teeth, and rested immediately 
upon the axles. These wheels were entirely independent of 
the working parts of the engine, and therefore merely sup- 
ported its, weight upon the rails, the progress being effected 
by means of the cogged-wheel working into the cogged-rail. 
The engine had two cylinders, instead of one as in Trevi- 
thick's engine. The invention of the double cylinder was 
due to Matthew Murray, of Leeds, one of the best mechanical 
engineers of his time; Mr. Blenkinsop, who was not a 
mechanic, having consulted him as to all the practical 
arrangements. The connecting-rods gave the motion to 
two pinions by cranks at right angles to each other ; these 
pinions communicating the motion to the wheel which 
worked into the cogged-rail. 

Mr. Blenkinsop's engines began running on the railway 
from the Middleton Collieries to Leeds, about 3i miles, 
on the 12th of August, 1812. They continued for many 
years to be one of the principal curiosities of the place, and 
were visited by strangers from all parts. In 1816, tb« 
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Grand Duke Nicholas (afterwards Emperor) of Eussia 
observed the working of Blenkinsop's locomotive witb 
curious interest and admiration. An engine dragged as 
many as thirty coal-waggons at a speed of about 3i miles 
per hour. These engines continued for many years to bo 
thus employed in the haidage of coal, and furnished the 
first instance of tho regular employment of locomotive 
power for commercial purposes. 

The Messrs. Chapman, of Newcastle, in 1812, endeavoured 
to overcome the same fictitious difficulty of the want of 
adhesion between the wheel and the rail, by patenting a 
locomotive to work along the road by means of a chain 
stretched from one end of it to the other. This chain was 
passed once round a grooved barrel-wheel under the centre 
of the engine : so that, when the wheel turned, the loco- 
motive, as it were, dragged itself along the railway. An 
engine, constructed after this plan, was tried on the Heaton 
Kailway, near Newcastle; but it was so clumsy in its 
action, there was so great a loss of power by friction, and it 
was found to be so expensive and difficult to keep in repair, 
that it was soon abandoned. Another remarkable ei^pedient 
was adopted by Mr. Brunton, of the Butterley Works, 
Derbyshire, who, in 1813, patented his Mechanical Traveller, 
to go wpon legs working alternately like those of a horse.* 
But this engine never got beyond the experimental state, 
for, at its very first trial, the driver, to make sure of a good 
start, overloaded the safety-valve, when the boiler burst and 
killed a number of the bystanders, wounding many more. 
These, and other contrivances with the same object, pro- 
jected about the same time, show that invention was 
actively at work, and that many minds were anxiously 



* Other machines, with legs, 
were patented in the following 
year by Lewis Gompertz and ly 
Thomas Tindall. In Tindall's 
specification it is provided that 
the power of the engine is to b«^ 



^sisted by a horizontal windmiU ; 
and the four pushers, or legs, are 
to be caused to come successively 
in contact with the ground, and 
impel the carnage ! 
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labotLring to solve the important problem of locomotive 
traction upon railways. 

But the difficulties contended with by these early in- 
ventors, and the step-by-step progress which they made, will 
probably be best illustrated by the experiments conducted 
by Mr. Blackett, of Wylam, which are all the more worthy 
of notice, as the persevering efforts of this gentleman in a 
great measure paved the way for the labours of George 
Stephenson, who, shortly after, took up the question of 
steam locomotion, and brought it to a successful issue. 

The Wylam waggon-way is one of the oldest in the north 
of England. Down to the year 1807 it ^as formed of 
wooden spars or rails, laid down between the colliery at 
Wylam — where old Kobert Stephenson had worked — and 
the village of Lemington, some four miles down the Tyne, 
where the coals were loaded into keels or barges, and 
floated down past Newcastle, to be shipped for London. 
Each chaldron- waggon had a man in charge of it, and was 
originally drawn by one horse. The rate at which the 
waggons were hauled was so slow that only two journeys 
were performed by each man and horse in one day, and 
three on the day following. This primitive waggon- way 
passed, as before stated, close in front of the cottage in 
which George Stephenson was bom ; and one of the earliest 
sights which met his infant eyes was this wooden tramroad 
worked by horses. 

Mr. Blackett was the first colliery owner in the North 
who took an ^tive interest in the locomotive. Having 
formed the acquaintance of Trevithick in London, and 
inspected the performances of his engine, he detennined to 
repeat the Pen-y-darran experiment upon the Wylam 
waggon- way. He accordingly obtained from Trevithick, in 
October, 1804, a plan of his engine, provided with " friction- 
' wheels," and employed Mr. John Whinfield, of Pipewellgate, 
Gateshead, to construct it at his foundry there. The 
engine was constructed under the superintendence of one 
John Steele, an ingenious mechanic who had been in 
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Wales, and worked tinder Trevithick in fitting the engine 
at Pen-y-darran. When tlie Gateshead locomotive was 
finished, a temporary way was laid down in the works, on 
which it was run backwards and forwards many times. For 
some reason, however — it is said becanse the engine was 
deemed too light for drawing the coal-trains — ^it never left 
the works, but was dismounted from the wheels, and set to 
blow the cupola of the foundry, in which service it long 
continued to be employed. 

Several years elapsed before Mr. Blackett took any further 
steps to carry out his idea. The final abandonment of 
Trevithick's locomotive at Pen-y-darran perhaps contributed 
to deter him from proceeding further; but he had the 
wooden tramway taken up in 1808, and a plate-way of cast- 
iron laid down instead — a single line furnished witli sidings 
to enable the laden waggons to pass the empty ones. The 
new iron road proved so much smoother than the old 
wooden one, that a single horse, instead of drawing one, 
was now enabled to draw two, or even three, laden 
waggons. 

Encouraged by the success of Mr. Blenkinsop*s experi- 
ment at Leeds, Mr. Blackett determined to follow his 
example; and in 1812 he ordered a second engine, to 
work with a toothed driving-wheel upon a rack-rail. This 
locomotive was constructed by Thomas Waters, of Gates- 
head, under the superintendence of Jonathan Foster, Mr. 
Blackett's principal engine-wright It was a combination 
of Trevithick's and Blenkinsop's engines ; but it was of a 
more awkward construction than either. The boiler was of 
cast-iron. The engine was provided with a single cylinder 
six inches in diameter, with a fly-wheel working at one side 
to carry the crank over the dead points. Jonathan Foster 
described it to the author in 1654, as "a strange machine, 
with lots of pumps, cog-wheels, and plugs, requiring con- 
stant attention while at work." The weight of the whole 
was about six tons. 

When finished, it was conveyed to Wylam on a waggon, 
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Riid there mounted upon a wooden frame supported by four 
pairs of wheels, which had been constructed for its recep- 
tion. A barrel of water, placed on another frame upou 
wlieels, was attached to it as a tender. After a great deal 
of labour, the cumbrous machine was got upon the road. At 
first it would not move an inch. Its maker, Tommy 
Waters, became impatient, and at length enraged, and 
taking hold of the lever of the safety valve, declared in his 
desperation, that " either she or he should go," At length 
the machinery was set in motion, on which, as Jonathan 
Foster described to the author " she flew all to pieces, and, 
it was the biggest wonder i' the world that we were not all 
blewn up." The incompetent and useless engine was 
declared to be a failure ; it was shortly after dismounted 
and sold; and Mr. Blackett's praiseworthy effoiia thus 
far proved in vain. 

He was still, however, desirous of testing the practi- 
cability of employing locomotive power in working the coal 
down to Lemington, and he determined on another triaL 
He accordingly directed his engine-wright to proceed with 
the building of a third engine in the Wylam workshops. This 
new locomotive had a single 8-inch cylinder, was provided 
with a fly-wheel like its predecessor, and the driving-wheel 
was cogged on one side to enable it to travel in the rack-rail 
laid along the road. This engine proved more successful 
than the former one ; and it was found capable of dragging 
eight or nine loaded waggons, though at the rate of little 
more than a mile an hour, from the colliery to the shipping- 
place. It sometimes took six hours to perform the journey 
of five miles. Its weight was found too great for the road, 
and the cast-iron plates were constantly breaking. It was 
also very apt to get off the rack-rail, and then it stood still. 
The driver was one day asked how he got on ? " Get on ? " 
said he, "we don't get on; we only get off I" On such 
occasions, horses had to be sent to drag the waggons as 
before, and others, to haul the engine back to the work- 
sho^is. It was oonstaiitly getting out «f order; its plugs, 
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pumps, or cranks, got wrong ; it was under repair as often 
as at work ; at length it became so cranky that the horses 
were usually sent out aftar it to drag it when it gave up ; 
and the workmen generally declared it to be a "perfect 
plague." Mr. Blackett did not obtain credit amongst his 
neighbours for these experiments. Many laughed at his 
machines, regarding them only in the light of crotchets, — 
frequently quoting the proverb that " a fool and his money 
are soon parted." Others regarded them as absurd innova- 
tions on the established method of hauling coal ; and pro- 
nounced that they would " never answer." 

Notwithstanding, however, the comparative failure of 
this second locomotive, Mr. Blackett persevered with his 
experiments. He was zealously assisted by Jonathan 
Foster the engine-wright, and William Hedley, the viewer 
of the colliery, a highly ingenious person, who proved of 
great use in carrying out the experiments to a successful 
issue. One of the chief causes of failure being the rack-rail, 
the idea occurred to Mr. Hedley that it might be possible to 
secure adhesion enough between the wheel and the rail by 
the mere weight of the engine, and he proceeded to make a 
series of experiments for ihe purpose of determining this 
problem. He had a frame placed on four wheels, and fitted 
up with windlasses attached by gearing to the several 
wheels. The frame having been properly weighted, six 
men were set to work the windlasses ; when it was found 
that the adhesion of the smooth wheels on the smooth rails 
was quite sufficient to enable them to propel the machine 
without slipping. Having found the proportion which the 
powei- bore to the weight, he demonstrated by successive 
ex^jeriments that the weight of the engine would of itself 
produce sufficient adhesion to enable it to draw upon a 
smooth railroad the requisite number of waggons in all 
kinds of weather. And thus was the fallacy which had 
heretofore prevailed on this subject completely exploded, 
and it was satisfactorily proved that rack-rails, toothed 
wheels, endless chains, and legs, were alike unnecessary foi 
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the efficient traction of loaded wa^ona upon a moderately 
lerel road. 

From this time forward considerably leas difficulty was 
experienced in -working the coal trains upon the Wylam 
tramroad. At length the rack-rail was dispensed with. 
The road w^s laid with heavier rails ; the working of the 
.old engine was' improved ; and a new engine was shortly 
after built and placed upon the road, still on eight wheels, 
driven by seven rack-wbeels working inside them — with a 
wrought-iron boiler through which the flue was returned so 
OB laigely to increase the heating surface, and thus give 
increaeed power to the engine. 



Improvi^ Wjluiu Eoeiix^ 



As may readily be imagined, the jets of steam from the 
piston, blowing off into the air at high pressure while the 
engine was in motion, caused considerable annoyance to 
horses passing along the Wylam road, at that time a public 
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highway. The nuisance was felt to be almost intolerable, 
and a neighbouring gentleman threatened to have it put 
down. To diminish the noise as much as possible, Mr. 
Blackett gave orders that so soon as any horse, or horses, 
came in sight, the locomotiye was to be stopped, and the 
frightful blast of the engine thus suspended until the pass- 
ing fl-n innalR had got out of hearing. Much inteiTuption 
was thus caused to the working of the railway, and it 
excited considerable dissatisfaction amongst the workmen. 
The following plan was adopted to abate the nuisance : a 
reservoir was provided immediately behind the chimney (as 
shown in the preceding cut) into which the waste steam 
was thrown after it had performed its office in the cylinder ; 
and from this reservoir, the steam gradually escaped into 
the atmosphere without noise. 

While Mr. Blackett was thus experimenting and building 
locomotives at Wylam, George Stephenson was anxiously 
studying the same subject at Killingworth. He was no 
sooner appointed engine- wright of the collieries than his 
attention was directed to the means of more economically 
hauling the coal from the pits to the river-side. We have 
seen that one of the first important improvements which he 
made, after being placed in charge of the colliery machinery, 
was to apply the surplus power of a pumping steam-engine, 
fixed underground, to drawing the coals out of the deeper 
workings of the Killingworth mines,— by which he suc- 
ceeded in effecting a large reduction in the expenditure on 
manual and horse labour. 

The coals, when brought above ground, had next to be 
laboriously dragged by horses to the shipping staiths on the 
Tyne, several miles distant The adoption of a tramroad, 
it is true, had tended to facilitate their transit . neverthe- 
less the haulage was both tedious and costly. With the 
view of economising labour, Stephenson laid down inclined 
planes where the nature of the ground would admit of this 
expedient. Thus, a tram of full waggons let down the 
incline by means of a rope running over wheels laid along 
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tho tramroad, the other end of which was attached to a 
tiain of empty waggons placed at the bottx)m of the parallel 
road on the same incline, dragged them up by the simple 
power of gravity. But this applied only to a comparatively 
small part of the road. An economical method of working 
tho coal trains, instead of by horses, — the keep of which was 
at that time very costly, from the high price of com, — vrSB 
still a great desideratum ; and the best practical minds in 
the collieries were actively engaged in the attempt to solve 
the problem. 

In the firbt place Stephenson resolved to make himself 
thoroughly acquainted with what had already been done. 
Mr. Blackett's engines were working daily at Wylam, past 
the cottage where he had been bom ; and thither he fre- 
quently went to inspect the improvements made by Mr. 
Blackett from time to time both in the locomotive and in 
the plateway along which it worked. Jonathan Foster 
informed us tliat, after one of these posits, Stephenson 
declared to him his conviction that a much more effective 
engine might be made, that shoidd work more steadily and 
draw the load more effectively. 

He had also the advantage, about the same time, of seeing 
one of Blenkinsop's Leeds engines, which was placed on the 
tramway leading from the collieries of Kenton and Cox- 
lodge, on the 2nd September, 1813. This locomotive drew 
sixteen chaldron waggons containing an aggregate weight 
of seventy tons, at tlie rate of about three miles an hour. 
George Stephenson and several of the Killingworth men 
were amongst the crowd of spectators that day ; and after 
examining the engine and observing its performances, he 
observed to his companions, that "he thought he could 
make a better engine than that, to go upon legs." Probably 
he had heard of the invention of Brunton, whose patent 
had by this time been published, and proved the subject of 
much curious speculation in the colliery districts. Certain 
it is, that, shortly after the inspection of the Coxlodge 
engine, he contemplated the construction of a new looomo. 
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rive, which was to surpass all that had preceded It He 
observed that those engines which had been constructed up 
to this time, however ingenious in their arrangements, had 
proved practical failures. Mr. Blackett's was as yet both 
clumsy and expensive. Chapman's had been removed from 
the Heaton tramway in 1812, and was regarded as a tota] 
failure. And the BlenMnsop engine at Coxlodge was found 
very unsteady and costly in its working ; besides, it pulled 
the rails to pieces, the entire strain being upon the rack- 
rail on one side of the road. The boiler, however, having 
soon after blown up, there was an end of that engine ; and 
the colliery owners did not feel encouraged to try any 
further experiment 

An efficient and economical working locomotive, there- 
fore, still remained to be invented; and to accomplish this 
object Mr. Stephenson now applied himself. Profiting by 
what his predecessors had done, warned by their failures 
and encouraged by their partial successes, he commenced 
his labours. There was stiU wanting the man who should 
accomplish for the locomotive what James Watt had done 
for the steam-engine, and combine in a complete form the 
best points in the separate plans of others, embodying with 
them such original inventions and adaptations of his o^^^ni as 
to entitle him to the merit of inventing the working loco- 
motive, in the same manner as James Watt is to be regarded 
as the inventor of the working condensing-engine. This 
was the great work upon which George Stephenson now 
entered, though probably without any adequate idea of 
the ultimate importance of his labours to society and 
civilization. 

He proceeded to bring the subject of constructing a 
" Travelling Engine," as he then denominated the locomo- 
tive, under the notice of the lessees of the Killingworth 
Colliery, in the year 1813. Lord Ravenswortii, the prin- 
cipal partner, had already formed a very favourable opinion 
of the new engine-wright, from the improvements which he 
had pffectod in the oolliory engines, botli above and belo^ 
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had two vertical cylinders of 8 inches diameter, and 2 feet 
stroke, let into the boiler, working the propelling gear with 
cross heads and connecting rods. The power of the two 
cylinders was combined 
by means of spurwheels, 
which communicated the 
motive power to the 
wheels supporting the 
engine on the rail, in- 
stead of, as in Blenkin- The spur-gear. 

sop's engine, to cogwheels which acted on the cogged rail 
independent of the four supporting wheels. The engine 
thus worked upon what is termed the second motion. The 
chimney was of wrought iron, round which was a chamber 
extending back to the feed-pumps, for the purpose of heat- 
ing the water previous to its injection into the boiler. The 
engine had no springs, and was mounted on a wooden 
frame supported on four wheels. In order to neutralise as 
much as possible the jolts and shocks which such an engine 
would necessarily encounter from the obstacles and inequali- 
ties of the then very imperfect plateway, the water-barrel 
which served for a tender was fixed to the end of a lever 
and weighted, the other end of the lever being connected 
with the frame of the locomotive carriage. By this means 
the weight of the two was more equally distributed, though 
the contrivance did not by any means compensate for the 
absence of springs. 

The wheels of the locomotive were all smooth, Mr. 
Stephenson, having satisfied himself by experiiiient that 
the adhesion between the wheels of a loaded engine and 
the rail would bo sufficient for the purpose of traction. 
Eobert Stephenson informed us that his father caused a 
number of workmen to mount upon the wheels of a waggon 
s moderately loaded, and throw their entire weight upon the 
spokes on one side, when he found that the waggon could 
thus be easily propelled forward without the wheels slip- 
ping. This, together with other experiments, satisfied him 
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of the expediency of adopting smooth wheelfi on his engine, 
ind it was so finished accordingly. 

The engine was, after much labour and anxiety, and fre- 
quent alterations of parts, at length brought to completion, 
having been about ten months in hand. It was placed upon 
the Killingworth Railway on the 25th July, 1814; and its 
powers were tried on the same day. On an ascending 
gradient of 1 in 450, the engine succeeded in drawing after 
it eight loaded carriages of thirty tons' weight at about four 
miles an hour ; and for some time after it continued regu> 
larly at work. 

Although a considerable advance upon previous locomo- 
tives, " Blutcher " (as the engine was popularly called) was 
nevertheless a somewhat cumbrous and clumsy machine. 
The parts were huddled together. The boiler constituted 
the principal feature ; and being the foundation of the other 
parts, it was made to do duty not only aa a generator of 
steam, but also as a basis for the fixings of the machinery 
and for the bearings of the wheels and axles. The want of 
springs was seriously felt ; and the progress of the engine 
was a succession of jolts, causing considerable derangement 
to the machinery. The mode of communicating the motive 
power to the wheels by means of the spur-gear also caused 
frequent jerks, each cylinder alternately propelling or be- 
coming propelled by the other, as the pressure of the one 
upon the wheels became greater or less than the pressure 
of the other ; and when the teeth of the cogwheels became 
at all worn, a rattling noise was produced during the tra- 
velling of the engine. 

As the principal test of the success of the locomotive was 
its economy as compared with horse power, careful calcula- 
tions were made wiih the view of ascertaining this 
important point. The result was, that it was found the 
working of the engine was at first barely economical ; and 
at the end of the year the steam poT« er and the horse power 
were ascertained to be as nearly as i)ossible upon a par in 
point of cost The fate of the locomotive in a great 
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raeastiTe depended on this very engine. Its speed was not 
beyond that of a horse's walk, and the heating surface pre- 
nented to the fire being comparatively small, sufficient steam 
oonld not be raised to enable it to accomplish more on an 
average than about four miles an hour. The result was 
onjiJiing but decisive ; and the locomotive might have beco 
condemned as useless, had not our engineer at this junctuie 
applied the steam-blast, and by its means carried his exp3- 
riment to a triumphant issue. 

The steam, after performing its duty in the cylindei's, 
was at first aUowed to escape into the open atmosphera 
with a hissing blast, to the terror of horses and cattle. It 
was complained of as a nuisance ; and an action at law 
against the colliery lessees was threatened unless it was 
stopped. Stephenson's attention had been drawn to the 
much greater velocity with which the steam issued from the 
exit pipe compared with that at which the smoke escaped 
from the chimney. He conceived that, by conveying the 
eduction steam into the chimney, by means of a small pipe, 
after it had performed its office in the cylinders, allowing 
it to escape in a vertical direction, its velocity would be 
imparted to the smoke from the fire, or to the ascending 
current of air in the chimney, thereby increasing the draft, 
and consequently the intensity of combustion in the furnace. 

The experiment was no sooner made than the power of 
the engine was at once more than doubled ; combustion was 
stimulated by the blast ; consequently the capability of the 
boiler to generate steam was greatly increased, and the 
effective power of the engine augmented in precisely the 
same proportion, without in any way adding to its weight 
This simple but beautiful expedient was really fraught with 
the most important consequences to railway communication : 
and it is not too much to say that the success of the loco- 
motive has in a great measure been the result of its adop- 
tion. Without the steam-blast, by means of which the 
intensity of combustion is maintained at its highest point, 
producing a correspondingly rapid evolution of steam, higl 
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rates of speed coiild not have been kept up ; the advantages 
of the multitubular boiler (afterwards invented) could never 
have been fairly tested ; and locomotives might still have 
been dragging themselves imwieldily along at little more 
than five or six miles an hour. 

The steam-biast had scarcely been adopted, with so 
decided a success, when Stephenson, observing the numer- 
ous defects in his engine, and profiting by the expe 
rience which he had already acquired, determined to 
construct a second engine, in which to embody his improve- 
ments in their best form. Careful and cautious observation 
of the working of his locomotive had convinced him that 
the complication arising out of the action of the two 
cylinders being combined by spur-wheels would prevent 
its coming into practical use. He accordingly directed his 
attention to an entire change in the construction and 
mechanical arrangements of the machine ; and in the 
following year, conjointly with Mr. Dodds, who provided 
the necessary funds, he took out a patent, dated the 28th 
of February, 1816, for an engine which combined in a 
remarkable degree the essential requisites of an economical 
locomotive; that is to say, few parts, simplicity in their 
action, and directness in the mode by which the power was 
communicated to the wheels supporting the engine. 

This locomotive, like the first, had two vertical cylinders, 
which communicaied directly with each pair of the four 
wheels that supported the engine, by means of a cross head 
and a pair of connecting rods. But in attempting to 
establish a direct conmiunication between the cylinders and 
the wheels that rolled upon the rails, considerable difficulties 
presented themselves. The ordinary joints could not be 
employed to unite the parts oi the engine, which was a 
rigid mass, with the wheels idling upon the irregular 
surface of the rails ; for it was evident that the two rails 
of the line of way — more especially in those early days of 
imperfect construclion of the permanent road — could not 
always be maintained at the same level, — ^that the wheel at 
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one end of the axle might 1^ depressed into one part of the 
line which had subsided, whilst the other wheel would be 
oomparativelv elevated ; and in such a position of the axle 
and wheels, it was obvious that a' rigid communication 
between the cross head and the wheels was impracticable. 
Hence it became necessary to form a joint at the top of the 
piston-rod where it united with the cross head, so as to 
permit the cross head to preserve complete parallelism 
with the axle of the wheels with which it was in com- 
munication. 

In order to obtain that degree of flexibility combined 
with direct action, which was essential for ensuring power 
and avoiding needless friction and jars from irregularities 
in the road, Stephenson made use of the " ball and socket " 
joint for effecting a union between the ends of the cross 
heads where they united with the connecting rods, and 
between the ends of the connecting rods where they were 
united with the crank-pins attached to each driving-wheel. 
By this arrangement the parallelism between the cross 
head and the axle was at all times maintained and preserved, 
without producing any serious jar or ft-iction on any part of 
the machine. Another important point was, to combine 
each pair of wheels by means of some simple mechanism 
instead of by the cogwheels which had formerly been used. 
x\nd, with this object, Stephenson made cranks in each axle 
at right angles to each other, with rods communicating 
horizontally between them. 

A locomotive was constructed upon this plan in 1815, 
and was found to answer extremely well. But at that 
period the mechanical skill of the country was not equal to 
forging cranked axles of the soundness and strength neces- 
sary to stand the jars incident to locomotive work. Stephen- 
son was accordingly compelled to fall back upon a substitute, 
which, although less simple and efficient, was within the 
mechanical capabilities of the workmen of that day, in 
respect of construction as well as repaii*. He adopted a 
chain which rolled over indented wheels' placed on the 
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centre of each axle, and was 60 arranged that the two pairn 
of wheels were effectually coupled and made to keep pace 
with each other. The chain, howeyer, after a few years' 
use, became stretched ; and then the engines were liable to 
irregularity in their working, especially in changing from 
working back to working forward again. Eventually tlie 
chain was laid aside, and the front and hind wheels were 
united by rods on the outside, instead of by rods and crank 
axles inside, as specified in the original patent This expe- 
dient completely answered the purpose required, without 
involving any expensive or difficult workmanship. 

Thus, in 1815, by dint of patient and persevering labour, 
— by careful observation of the works of others, and never 
neglecting to avail himself of their suggestions, — Stephenson 
succeeded in manufacturing an engine which included the 
following important improvements on all previous attempts 
in the same direction : — viz., simple and direct communica- 
tion between the cylinders and the wheels rolling upon the 
rails ; joint adhesion of all the wheels, attained by the use 
of horizontal connecting-rods; and finally, a beautiful 
method of exciting the combustion of the fuel by employing 
the waste steam, which had formerly been allowed to escape 
uselessly into the air. Although many improvements in 
detail were afterwards introduced in the locomotive by 
George Stephenson himself, as well as by his equally dis- 
tinguished son, it is perhaps not too much to say that thi£ 
engine, as a mechanical contrivance, contained the germ of 
all that has since been effected. It may in fact be i*egarded 
as the type of the present locomotive engine. 
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CHAPTEE VI. 

ImnsNTioN OF THE "Gbobdt" Safety-Lamp. 

Explosions of fire-damp were umisually frequent in Ibo 
coal mines of Northumberland and Durham about the time 
when George Stephenson was engaged in the construction 
of his first locomotives. These explosions were often 
attended with fearful loss of life and dreadful suffering to 
the workpeople. Killingworth Colliery was not free from 
such deplorable calamities ; and during the time that Ste- 
phenson was employed as a brakesman at the West Moor, 
several "blasts" took place in the pit, by which many 
workmen were scorched and killed, and the owners of the 
colliery sustained heavy losses. One of the most serious of 
these accidents occurred in 1806, not long after he had been 
appointed brakesman, by which 10 persons were killed. 
Stephenson was working at the mouth of the pit at the 
time, and the circiunstances connected with the accident 
made a deep impression on his mind. 

Another explosion took place in the same pit in 1809, by 
which 12 persons lost their lives. The blast did not reach 
the shaft as in the former case ; the unfortunate persons in 
the pit having been suffocated by the after-damp. More 
calamitous still were the explosions which took place in the 
neighbouring collieries ; one of the worst being that of 1812, 
in the Felling Pit, near Gateshead, by which no fewer than 
90 men and boys were suffocated or burnt to death. And 
a similar accident occurred in the same pit in the }'ear fol- 
lowing, by which 22 persons perished. 

It was natural that George Stephenson should devote his 
attention to the causes of these deplorable accidents, and to 
the means by which they might if possible be prevented 
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His daily oocupation led him to think much and deeply on 
^he subject. As engine- wright of a colliery so extensive as 
that of Killingworth, where there were nearly 160 miles of 
gallery excavation, in which he personally superintended the 
working of the inclined planes along which the coals were 
sent to the pit entrance, he was necessarily very often under- 
ground, and brought face to face with the dangers of fire-damp. 
From fissures in the roofs of the galleries, carburetted hydro- 
gen gsus was constantly flowing ; in some of the more dan- 
gerous places it might be heard escaping from the crevices 
of the coal with a hissing noise. Ventilation, firing, and all 
conceivable modes of drawing out the foul air had been 
adopted, and the more dangerous parts of the galleries were 
built up. Still the danger could not be wholly prevented. 
The miners must necessarily guide their steps through the 
extensive underground wayb with lighted lamps or candles, 
the naked flame of which, coming in contact with the inflam- 
mable air, daily exposed them and their fellow-workers in 
the pit to the risk of death in one of its most dreadful 
forms. 

One day, in 1814, a workman hurried into Stephenson's 
cottage with the stJU'tling information that the deepest 
main of the colliery was on fire ! He immediately hastened 
to the pit-head, about a hundred yards off, whither the 
women and children of the colliery were running, with 
wildness and terror depicted in every face. In a com- 
manding voice Stephenson ordered the engineman to lower 
him down the shaft in the corve. There was peril, it 
might be death, before him, but he must go. 

He was soon at the bottom, and in the midst of the n en, 
who were paralysed by the danger which threatened the 
lives of all in the pit. Leaping from the corve on its 
touching the ground, he called out; '*Are there six men 
among you who have courage to follow me ? If so, come, 
and we will put the fire out." The Killingworth pitmen 
had the most perfect confidence in their engine-wright, and 
they readily volunteered to follow him. Silence succeeded 
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the frantic tumiilt of the previous minute, and the men 
eet to work ■with a will. In every mine, bricks, mortar, 
and tools enough are at hand, and by Stephenson's direction 
the materials were forthwith carried to the required spot, 
where, in a very short time a wall was raised at the 
entrance to the main, he himBclf taking the most active part 
in the work. The atmospheric air was by this means 
excluded, the fire was extinguished, the people were saved 
from death, and the mine was preserved. 

This anecdote of Stephenson was related to the writer, 
near the pit-mouth, by one of the men who had been 
present and helped to build up the brick wall hy which the 
fire waa stayed, though several workmen were duffocated. 
He related that, when down the pit some days after, seeking 
out the dead bodies, the cause of the accident was the 
subject of conversation, and Stephenson was asked, "Can 
nothing be done to prevent such awful occurrences ? " His 
reply was tiiai he thought something might he done. 
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" Then," said the other, " the fmoTier you start the better ; 
for the price of ooal-mining now is pitmen's U^^s." 

Fifty years since, many of the best pits wore so full of 
the inflammable gas given forth by the coal, that they could 
not be worked without the greatest danger; and for this 
reason some were altogether abandoned. The rudest possible 
methods were adopted of producing light sufficient tc emible 
the pitmen to work by. The phosphorescence of decayed 
fish -skins was tried; but this, though safe, was yery in- 
efficient. The most common method employed was what 
was called a steel mill, the notched wheel of which, being 
made to revolve against a flint, struck a succession of sparks, 
which scarcely served to do more than make the darkness 
visible. A boy carried the apparatus after the miner, 
working the wheel, and by the imperfect light thus given 
forth he plied his dangerous trade. Candles were only used 
in those parts of the pit where gas was not abundant 
Under this rude system not more than one-third of the coal 
could be worked ; and two-thirds were left 

What the workmen, not less than the coal-owners, eagerly 
desired was, a lamp that should give forth sufficient light, 
without communicating flame to the inflammable gas which 
accumulated in certain parts of the pit. Something had 
already been attempted towards the invention of such a 
lamp by Dr. Clanny, of Sunderland, who, in 1813, contrived 
an apparatus to which he gave air from the mine through 
water, by means of bellows. This lamp went out of itself 
in inflammable gas. It was found, however, too unwieldy 
to be used by the miners for the purposes of their work, and 
did not come into general use. A committee of gentlemen 
was formed to investigate the caiises of the explosions, and 
to devise, if possible, some means of preventing them. At 
the invitation of that Committee, Sir Humphry Davy, then 
in the full zenith of his reputation, was requested to turn 
his attention to the subject He a/ccordingly visited the 
collieries near Newcastle on the 24th of August, 1815 ; and 
on the 9th of Novembei- following, he read before the Boyal 
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Society of London hin celebrated paper " On tae Fire-Damp 
of Coal Mines, and on Methods of lighting the Mine so as to 
prevent its explosion.*' 

But a humbler though not less diligent and original 
thinker had been at work before him, and had already prac- 
tically solved the problem of the Safety-Lamp. Stephenson 
was of course well aware of the anxiety which prevailed in 
tlie colliery districts as to the invention of a lamp which 
should give light enough for the miners to work by without 
exploding the fire-damp. The painful incidents above 
described only served to quicken his eagerness to mastei 
the difficulty. 

For several years he had been engaged, in his own i*ude 
way, in making experiments with the fire-damp in the 
Eillingworth mine. The pitmen used to expostulate with 
him on these occasions, believing his experiments to be 
fraught with danger. One of the sinkers, observing him 
holding up lighted candles to the windward of the 
"blower" or fissure from which the inflammable gas 
escaped, entreated him to desist ; but Stephenson's answer 
was, that "he was busy with a plan by which he hoped 
to make his experiments useful for preserving men's Hves." 
On these occasions the miners usually got out of the way 
before he lit the gas. 

Li 1815, although he was very much occupied with the 
business of the collieries and the improvement of his loco- 
motive engine, he was also busily engaged in making 
experiments upon inflammable gas in the Killingworth 
pit According to the explanation afterwards given by him, 
he imagined that if he could construct a lamp with a 
chimney so arranged as to cause a strong current, it would 
not fire at the top of the chimney ; as the burnt air would 
ascend with such a velocity as to prevent the inflammable 
air of the pit from descending towards the flame ; and such 
a lamp, he thought, might be taken into a dangerous 
itmosphere without risk of exploding. 

;5uch was Stephenson's theory when he proceeded to 
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embody his idea of a miner's saiety-lamp in a practical 
form. In the month of August, 1815, he requested his 
friend Nicholas Wood, the head viewer, to prepare a draw- 
ing of a lamp according to the description which he gave 
him. After several evenings' carefiil deliberations, the 
drawing was made, and shown to several of the head men 
about the works. 

Stephenson proceeded to order a lamp to be made by 
a Newcastle tinman, according to his plan ; and at the same 
time he directed a glass to be made for the lamp at the 
Northumberland Glass House. Both were received by him 
from the makers on the 21st October, and the lamp was 
taken to Killingworth for the purpose of immediate experi- 
ment. 

" I remember that evening as distinctly as if it had been 
but yesterday," said Eobert Stephenson, describing the 
circumstances to the author in 1857 : " Moodie came to our 
cottage about dusk, and asked, * if father had got back yet 
with the lamp?' *No.' *Then I'll wait till he comes,' 
said Moodie, ' he can't be long now.' In about half-an- 
hour, in came my father, his face all radiant He had the 
lamp with him ! It was at once uncovered, and shown to 
Moodie. Then it was filled with oil, trimmed, and lighted. 
All was ready, only the head viewer hadn't "arrived. ' Eun 
over to Benton for Nichol, Eobert,' said my father to me. 
* and ask him to come directly ; say we're going down the 
pit to try the lamp.' By this time it was quite dark ; and 
off I ran to bring Nicholas Wood. His house was at 
Benton, about a nule off. There was a short cut through 
the Churchyard, but just as I was about to pass the wicket, 
I saw what I thought was a white figure moving about 
amongst the grave-stones. I took it for a ghost ! My heart 
fluttered, and I was in a great fright, but to Wood's house 1 
laust get, so I made the circuit of the Church^-ard; and 
when I got round to the other side I lo<:>ked, and lo ! the 
figure was still there. But what do you think it was? 
Only the grave-diggcir, plying his work at that late hour bj 
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{he light of his lanthom set upon one of the gravestones ! 
I found Wood at home, and in a few minutes he was 
mounted and off to my father's. When I got back, I wns 
told they had just left — ^it was then about eleven — and 
gone down the shaft to try the lamp in one of the most 
dangerous parts of the mine." 

Arrived at the bottom of the shaft with the lamp, the party 
directed their steps towards one of the foulest galleries in the 
pit, where the explosive gas was issuing through a blower in 
the roof of the mine with a loud hissing noise. By erecting 
some deal boarding round that part of the gallery into which 
the gas was escaping, the air was made more foul for the pur- 
pose of the experiment. After waiting about an hour, Moodie, 
whose practical experience of fire-damp in pits was greater 
than that of either Stephenson or Wood, was requested to 
go into the place which had thus been made foul; and, 
having done so, he returned, and told them that the smell 
of the air was such, that if a lighted candle were now 
introduced, an explosion must inevitably take place. He 
cautioned Stephenson as to the danger both to themselves 
and to the pit, if the gas took fire. But Stephenson 
declared his confidence in the safety of his lamp, and, 
having lit the wick, he boldly proceeded with it towards 
the explosive air. The others, more timid and doubtful, 
hung back when they came within hearing of the blower ; 
and apprehensive of the danger, they retired into a safe 
place, out of sight of the lamp, which gradually dis- 
appeared with it« bearer in the recesses of the mine.* 



♦ The Editor of the • AtheusBTiin' 
having (Nov. 8th, 1862), charac- 
terized the author's account of 
this affidr as "perfectly imtrue" 
and a " fiction," it becomes neces- 
sary to say a few word& in expla- 
nation of it. The Editor of the 
*Athen8Bum* quotes in support of 
his statement a passage from Mr. 



not say that the anecdote is " per- 
fectly untrue," but merely uiat 
" the danger was not quite so great 
as is represented : " he adds that 
" at most an explosion might have 
burnt the Lands of the operator, 
but would not extend a few feet 
from the blower." However that 
may be, we were not without good 



N^icholas Wood, who, however does ! authority for making the original 
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Advancisg to the place of danger, and entering within 
the fouled air, his lighted lamp in hand, Stephenson held 
it hrmly out, in the fall current of the blower, and 
vrithin a few inches of its mouth ! Thus exposed, the flame 
of the lamp at first increased, then flickered, and then 
went out; but there was no explosion of the gas. Be- 
tuming to his companions, who were still at a distance, 
he told them what had occurred. Having now acq\m*ed 
somewhat more confidence, they advanced with him to a 
point from which they could observe him repeat his ex- 
periment, but still at a safe distance. They saw that 



statement. The fiiets were verbally 
communicated to the author in the 
first place by Robert Stephenson, 
to whom the chapter was after- 
wards read in MS., in the presence 
of Mr. Sopwith, F.R.S. at Mr. 
Stephenson's house in Gloucester 
Square, and received his entire 
approval. But at the time at which 
Mr. Stephenson communicated the 
verbal information, he also handed 
a little book with his name written 
in it, still in the author's possession, 
saying, " Read that, you will find 
it all there." We have again re- 
ferred to the little book which 
contains, among other things, a 
pamphlet, entitled Report on the 
Claims of Mr. George Stephenson 
relative to (fie Invention of his 
Safety Lamp. By the Committee 
appointed d a Meeting holden in 
Newcaede^ on this 1st of November^ 
1817. With an Appendix contain- 
ing the Evidence. Among the 
witnesses examined were Qeorge 
Stephenson, Nicholas Wood, and 
John Moodie, and their evidence is 
given m me pamphlet. We quote 
that of Stephenson and Moodie, 
which was not contradi:;ted, but in 
all material points confirmed by 
Wood, and was published, we b&- 
liove, with his sanction. George 



Stephenson said, that ht tried the 
first lamp ** in a part of the mine 
where the air was highly explo- 
sive. Nicholas Wood and John 
Moodie were his companions when 
the trial was made. They became 
frightened when they came within 
hearing of the blower, and would 
not go any further. Mr. Stephen- 
son went alone with the lamp tc 
the mouth of the blower," &c. 
This evidence was confirmed by 
John Moodie, who said the air of 
the place where the experiment 
was about to be tried was such, 
that, if a lighted candle had been 
introduced, an explosion would 
have taken place that would have 
been "extremely dangerous.'* "Told 
Stephenson it was foul, and hinted 
bt the danger ; nevertheless, 
Stephenson toouid try the lamp, 
confiding in its safety. Stephen- 
son took the lamp and went with 
it into the place in which Moodie 
had been, and Moodie and Wood, 
apprehensive of the danger, retired 
to a greater distance," &o. The 
other details of the statement made 
in the text, are fully borne out by 
the published evidence, the accu- 
racy of which, so fJBjr as the author 
is aware, has never before beeu 
celled in question. 
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when tho lighted lamp was held within the explosive mix- 
tare, there was a great flame ; the lamp became almost full 
of fire ; and then it smothered out. Again returning to his 
companions, he relighted the lamp, and repeated the experi- 
ment several times with the same result. At length Wood 
and Moodie ventured to advance close to the fouled part of 
the pit ; and, in making some of the later trials, Mr. Wood 
himself held up the lighted lamp to the blower. 

Before leaving the pit, Stephenson expressed his opinion 
that by an alteration of the lamp which he then contem- 
plated, he could make it bum better ; this was by a change in 
the slide through which the air was admitted into the lower 
part, under the flame. After making some experiments on 
the air collected at the blower, by bladders which were 
mounted with tubes of various diameters, he satisfied him- 
self that, when the tube was reduced to a certain diameter, 
the foul air would not pass through ; and he fashioned his 
slide accordingly, reducing the diameter of the tube until he 
conceived it was quite safe. In about a fortnight the 
experiments were repeated, in a place piirposely made foul 
as before ; on this occasion a larger number of persons ven- 
tured to witness them, and they again proved successful. 
The lamp was not yet, however, so efiicient as the inventor 
desired. It required, he observed, to be kept very steady 
when burning in the inflammable gas, otherwise it was 
liable to go out, in consequence, as he imagined, of the 
contact of the burnt air (as he then called it), or azotic gas, 
which lodged round the exterior of the flame. If the lamp 
was moved horizontally, the azote came in contact with the 
flame and extinguished it " It struck me," said he, " that if 
I put more tubes in, I should discharge the poisonous 
matter that hung round the flame, by admitting the air to 
its exterior part." Although ho had then no access to scien- 
tific books, nor intercourse with scientific men, nor anything 
that could assist him in his investigation, besides his own 
indefatigable spirit of inquiry, he contrived a rude apparatus 
by which he tested the explosive properties of the gas and 

V. H 
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the velocity of current (for this was the direction of his 
inqniriefii) necessary to enable the explosive gas to pasR 
through tubes of different diameters. In making these 
experiments in his hitmble cottage at the West Moor, 
Nicholas Wood and George's son Robert usually acted as 
his assistants, and sometimes the gentlemen of the neigh- 
bourhood interested in coal-mining attended as spectators. 

These experiments were not performed >vithout risk, for 
on one occasion the experimenting party had nearly blown 
off the roof of the cottage. One of these " blows up " was 
described by Stephenson himself before the Committee on 
Accidents in Coal Mines, in 1835 : " I made several experi- 
ments," said he, "as to the velocity required in tubes of 
different diameters, to prevent explosion from fire-damp. 
We made the mixtures in all proportions of light car- 
buretted hydrogen with atmospheric air in the receiver, 
and we found by the experiments that when a current of 
the most explosive mixture that we could make was forced 
up a tube ^ of an inch in diameter, the necessary current 
was 9 inches in a second to prevent its coming down thai 
tube. These experiments were repeated several times. W^e 
had two or three blows up in making the experiments, by 
the flame getting down into the receiver, though we had a 
piece of very fine wire-gauze put at the bottom of the pipe, 
between the receiver and the pipe through which we were 
forcing the current. In one of these experiments I was 
watching the flame in the tube, my son was taking the 
vibrations of the pendulum of the clock, and Mr. Wood 
was attending to give me the column of water as I called for 
it, to keep Ihe current up to a certain point. As I saw 
the flame descending in ihe tube I called for more water, 
and Wood unfortunately turned the cock the wrong way , 
the current ceased, the flame went down the tube, and all 
our implements were blown to pieces, which at the time 
we were not very able to replace." 

Stephenson followed up those experiments by others of' 
a similar kind, with the view of ascertaining whether or* 



Ohap VI. STEPHENSON'S SECOND SAFETY-LAMP. 99- 

dinary flame would pass throngh tubes of a small diameter 
and with this object he filed off the barrels of several small 
keys. Placing these together, he held them perpendicularly 
over a strong flame, and ascertained that it did not pass 
upward. This was a further proof to him of the soundness 
of ihe course he was pursuing. 

In order to correct the defect of hia first lamp he resolred 
to alter it so as to admit the air to the flame by several 
tubes of reduced diameter, instead of by a single tube. He 
inferred that a sufficient quantity of air would thus be intro- 
duced into the lamp for the purposes of combustion, while 
the smallness of the apertures would still prevent the ex- 
plosive gas passing downwards, at the same time that the 
" burnt air " (the cause, in his opinion, of the lamp going 
out) would be more effectually dislodged. He accordingly 
took the lamp to a tinman in Newcastle, and had it altered 
so that the air was admitted by three small tubes inserted 
in the bottom of the lamp, the openings of which were 
placed on the outside of the burner, instead of having (as in 
the original lamp) the one tube opening directly under the 
flame. 

This second or altered lamp was tried in the Killingworth 
pit on the 4th November, and was foimd to bum better 
than the first, and to be perfectly safe. But as it did 
not yet come quite up to the inventor's expectations, he 
proceeded to contrive a third lamp, in which he proposed to 
surround the oil vessel with a number of capillary tubes. 
Then it struck him, that if he cut off the middle of the 
tubes, or made holes in metal plates, placed at a distance 
from each other, equal to the length of the tubes, the air 
would get in better, and the effect in preventing explosion 
would be the same. 

He was encouraged to persevere in the completion of his 
safety-lamp by the occurrence of several fatal accidents 
about this time in the Killingworth pit. On the 9th 
November a boy was killed by a blast in the A pit, at the 
very place where Stephenson had made the experiments 

a 2 
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with hlB first lamp ; and, when told of the accident, he 
observed that if the boy had been provided with his lamp, 
his life would havfi been saved. On the 20th November he 
went over to Newcastle '*to order his third lamp from a 
plumber in that tcvtu. The plumber referred him to his 
clerk, whom Stephenson invited to join him at a neighbour- 
ing public-house, where they might quietly talk over the 
matter, and finally settle the plan of the new lamp. They 
adjourned to the ".Newcastle Arms," near the present High 
Level Bridge, whore they had some ale, and a design' of the 
lamp was drawn in pencil upon a half-^eet of foolscap, with 
a rough specification subjoined. The sketch, when shown to 
us by Bobert Stephenson some years since, still bore the 
marks of the ale. It was a very rude design, but sufficient 
to work from. It was immediately placed in the hands of 
the workmen, finished in the course of a few days, and 
experimentally tested in the Killingworth pit like the 
previous lamps, on the 30th November. At that time 
neither Stephenson nor Wood had heard of Sir Humphry 
Davy's experiments nor of the lamp which that gentleman 
proposed to construct 

An angry controversy afterwards took place as to the 
respective merits of George Stephenson and Sir Himiphry 
Davy in respect of the invention of the safety-lamp. A 
committee was formed on both sides, and the facts were 
stated in various ways. It is perfectly clear, however, that 
Stephenson had ascertained the fact that flame will not pass 
through tubes of a certain diameter — the principle on which 
the safety-lamp is constructed — before Sir Humphry Davy 
had formed any definite idea on the subject, or invented 
the model lamp afterwards exhibited by him before tlie 
Hoyal Society. Stephenson had actually constructed a 
lamp on such a principle, and proved its safety, before Sir 
Humphry had communicated his views on the subject to any 
person ; and by the time that the first public intimation had 
been given of his discovery, Stephenson's second lamp had 
been constructed and tested in like manner in the Killinii;- 
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l^vy'a Safety- Lamp. SU^beiififiQ'B SaTety'Laiup. 

wortli pit "Thejirat was tried on the 2]st October, 181 fl ; 
the second was tried on the ■^th November ; but it was not 
until the 9th November that Sir Humphry Davy presented 
Ilia first lamp to the public And by the 30th of the same 
month, as we have seen, Stephenson, had constructed and 
tested his third safety-lamp. 

Stephenson's theory of the "burnt air" and the " draught " 
was no doubt wrong ; but his lamp was right, and that was 
the great feet which mainly concerned him. Torricelli did 
not know the rationale of his tube, nor Otto Giirike that of 
his air-pump; yet no one thinlts of denying them the 
merit of their inventions on that account. The discoveries 
of Voltaand Galvani were in like manner independent of 
theory ; the greatest discoveries consisting in bringing to 
light certain grand facts, on which theories are afterwards 
framed. Our inventor had been pursuing the Baconian 
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method, though he did not think of that, but of inventing .1 
safe lamp, which he knew could only be done through the 
process of repeated experiment He experimented upon ihp 
fire-damp at the blowers in the mine, and also by means of 
the apparatus which was blown up in his cottage, as aboTe 
described by himself. By experiment he distinctly ascer- 
tained that the explosion of fire-damp could not pass through 
small tubes ; and he also did what had not before been done 
by any inventor — ^he constructed a lamp on this principle, 
and repeatedly proved its safety at the risk of his life. At 
the same time, there is no doubt that it was to Sir Humphry 
Davy that the merit belonged of having pointed out the 
true law on which the safety-lamp is constructed. 

The subject of this important invention excited so much 
interest in the northern mining districts, and Stephen- 
son's numerous friends considered his lamp so completely 
successful — having stood the test of repeated experiments— 
that they urged him to bring his invention before the 
Philosophical and Literary Society of Newcastle, of whose 
apparatus he had availed himself in the course of his experi- 
ments on fire-damp. After much persuasion he consented, 
and a meeting was appointed for the purpose of receiving 
his explanations, on the evening of the 5th December, 1815. 
Stephenson was at that time so diffident in manner and 
unpractised in speech, that he took with him his friend 
Nicholas Wood, to d-ct as his interpreter and expositor on the 
occasion. From eighty to a hundred of the most intelligent 
members of the society were present at the meeting, when 
Mr. Wood stood forward to expound the principles on which 
the lamp had been formed, and to describe the details of its 
construction. Several questions were put, to which Mr. 
Wood proceeded to give replies to the best of his knowledge. 
But Stephenson, who up to that time had stood behind 
Wood, screened from notice, observing that the explanations 
given were not quite correct, could no longer control his 
reserve, and, standing forward, he proceeded in his strong 
Northumbrian dialect, to describe the lamp, down to its 
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minutest details. He then produced several bladders full of 
carburetted hydrogen, which he had ooUected from the 
blowers in the KiUingwoi-th mine, and proved the safety 
of his lamp by numerous experiments with the gas, repeated 
in various ways ; his earnest and impressive manner exciting 
in the minds of his auditors the liveliest interest both in tlie 
inventor and his invention. 

Shortly after, Sir H. Davy's model lamp was received 
and exhibited to the coal-miners at Newcastle, on whicli 
occasion the observation was made by several gentlemen, 
" Why, it is the same as Stephenson's I " 

Notwithstanding Stephenson's claim to bo regarded as the 
first inventor of the Tube Safety-lamp, his merits do not 
seem to have been generally recognised ; and Sir Htmiphry 
Davy carried off the larger share of the eclat which attaiched 
to the discovery. What chance had the unknown work- 
man of Killingworth with so distinguished a competitor ? 
The one was as yet but a colliery engine-wright, scarce raised 
above the manual-labour class, pursuing his experiments in 
, obscurity, with a view only to usefolness; the other was the 
scientific prodigy of his day, the most brilliant of lecturers, 
and the most popular of philosophers. 

No small indignation was expressed by the friends of Sir 
Humphry Davy at Stephenson's .-" presumption " in laying 
claim to the invention of the safety-lamp. In 1 831 Dr. Paris, 
in his ' Life of Sir Humphry Davy,' thus wrote : — " It will 
hereafter be scarcely believed that an invention so eminently 
scientific, and which could never have been derived but 
from the sterling treasury of science, should have been 
claimed on behalf of an engine-wright of Killingworth, of 
the name of Stephenson — a person not even possessing a 
knowledge of the elements of chemistry." 

But Stephenson was far above claiming for himself any 
invention not his own. He had already accomplished a far 
greater feat than the making of a safety-lamp — he had con- 
structed a successful locomotive, which was to be seen iu 
jaily work on the Killingworth railway. By the improvo 
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munta he had made in the engine, he might almost be tsaid 
to have invented it ; but no one — not even the philosophers — 
detected the significance of that wonderful machine. What 
^railways were to become, rested in a great measure with that 
" engine-wright of Killingworth, of the name of Stephen- 
son," though he was scarcely known as yet beyond the 
bounds of h's own district 

As to the value of the invention of the safety-lamp there 
could be no doubt ; and the colliery owners of Durham and 
Northuinberland, to testify their sense of its importance, 
determined to present a testimonial to its inventor. The 
friends of Sir H-'Davy met in August, 1816, to take steps 
for raising a subscription for the purpose. The advertised 
object of the meeting was to present him with a reward for 
" the invention of his safety-lamp." To this no objection 
could be taken; for though the principle on which the 
safety-lamps of Stephenson and Davy were constructed waa 
the same ; and although Stephenson's lamp was, imquostion- 
ably, the first successful lamp that had been constructed on 
such principle, and proved to be efficient, — ^yet Sir. H. Davy 
did invent a safety-lamp, no doubt quite independent of all 
that Stephenson had done ; and having directed his careful 
attention to the subject, and elucidated the true theory of 
explosion of carburetted hydrogen, he was entitled to all 
praise and reward for his labours. But when the meeting 
of coal-owners proposed to raise a subscription for the 
purpose of presenting Sir H. Davy with a reward for " his 
invention of the safety-lamp," the case was entirely altered ; 
and Stephenson's friends then proceeded to assert his claims 
to be regarded as its first inventor. 

Many meetings took place on the subject, and much dis- 
cussion ensued, the result of which was that a sum of 2000Z- 
was presented to Sir Humphry Davy as " the inventor of the 
safety-lamp ; " but, at the same time, a purse of .100 guineas 
was voted to George Stephenson, in consideration of what he 
had done in the same direction. This result was, however 
very unsatisfactory to Stephenson, as well as to His friends. 
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and Mr. Brandling, of Gosf jrtli, suggested to him that, the 
fiubjeot being now fairly before the public, he should publish 
a statement of the facts on which his claim was foimded. 

This was not at all in George's line. He had never 
appeared in print ; and it seemed to him a more formidable 
thing to write a letter for " the papers " than to invent a 
safety-lamp or design a locomotive. However, he called to 
his aid his son Eobert, set him down before a sheet of fools- 
cap, and told him to "put down there just what I tell 
you." The composition of this letter, as we were informed 
by the writer of it, occupied more evenings than one ; and 
when it was at length finished, after many corrections, and 
fairly copied out, the father and son set out — ^the latter 
dressed in his Sunday's round jacket — to lay the joint pro- 
duction before Mr. Brandling, at Gosforth House. Glancing 
over the letter, Mr. Brandling said, " George, this will never 
do." "It is all true, sir," was the reply. "That may be; 
but it is badly written." Eobert blushed, for he thought 
the penmanship was called in question, and he had written 
his best. Mr. Brandling, however, revised the letter, which 
was shortly after published in the locel journals. 

Stephenson's friends, fully satisfied of his claims to priority 
as the inventor of the safety-lamp used in the Killingworth 
and other collieries, held a public meeting for the purpose 
of presenting him with a reward " for the valuable service 
he had thus rendered to mankind." A subscription was 
immediately commenced with this object, and a commit- 
tee was formed, consisting of the Earl of Strathmore, 
0. J. Brandling, and others. The subscriptions, when 
oollected, amounted to 1000?. Part of the money was 
devoted to the purchase of a silver tankard, which was pre- 
sented to the inventor, together with the balance of the 
subscription, at a public dinner given in the Assembly 
Roonts at Newcastle.* But what gave Stephenson even 



* The tankard bore thp follow- | plate, purchased with a part of the 
(dK inscription :— '* This piece of 1 sum of 10002., a subscription raised 
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greater pleuaiire than the silver tankard and purse of boto- 
i-eigns waa the gift of a silver watch, purchased by small 
subscriptions amongst the colliers themselves, and presented 
by them as a token of their personal esteem and regard foi 
him, as well as of their gratitude for the perseverance and 
skill with which he had prosecuted his valuable and life- 
saving invention to a succefisful issue. 

However great the merits of Stephenson in connexion 
with the invention of the tube safety-lamp, they cannot 
be regarded as detracting from the reputation of Sir 
Humphry Davy. His inquiries into the explosive pro- 
perties of carburetted hydrogen gas were quite original; 
and his discovery of the fact that explosion will not pass 
through tubes of a certain diameter was made independently 
of all that Stephenson had done in verification of the same 
fact It even appears that Mr. Smithson Tennant and 
Dr. WoUaston had observed the same fact several years 
before, though neither Stephenson nor Davy knew it while 
they were prosecuting their experiments. Sir Htmiphry 
Davy's subsequent modification of the tube-lamp, by which, 
while diminishing the diameter, he in the same ratio 
shortened the tubes without danger, and in the form of 
wire-gauze enveloped the safety-lamp by a multiplicity of 
tubes, was a beautiful application of the true theory which 
he had formed upon the subject 

The increased number of accidents which have occurred 
from explosions in coal-mines since the general introduction 
of the Davy lamp, have led to considerable doubts as to its 
safety, and to inquiries as to the means by which it may 
be further improved ; for experience has shown that, under 
certain circumstances, the Davy lamp is not safe. Stephen- 



for the remuneratiou of Mr. Geobge 
Stephenson for having discovered 
the fiEict tLat inflamed fire-damp 
will not pasa through tiibes and 
apertures of small dimensions, and 
having been the first to apply that 



safety-lamp calculated for the pre- 
servation of human }ife in situa- 
tions formerly of the greatest 
danger, was presented to him at a 
general meeting of the subscribers, 
', Charles John Brandling, Esq., in 
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0OII was himself of opinion that the modification of his own 
and Sir Humphry Davy's lamp, combining the glass cylinder 
with the wire-gauze, was the most secure ; at the same time 
it must be admitted that the Davy and the Geordy lamps 
alike failed to stand the severe tests to which they were 
submitted by Dr. Pereira, before the Committee on Acci- 
dents in Mines. Indeed, Dr. Pereira did not hesitate to 
say, that when exposed to a current of explosive gas the 
Davy lamp is " decidedly unsafe," and that the experiments 
by which its safety had been " demonstrated " in the lecture - 
room had proved entirely " fallacious." 

It is worthy of remark, that under circumstances in 
which the wire-gauze of the Davy lamp becomes red-hot 
from the high explosivenoss of the gas, the Geordy lamp is 
extinguished ; and we cannot but think that this fsuot 
testifies to the decidedly superior safety of the Geordy. 
An accident occurred in the Oaks colliery Pit at Bamsley, 
on the 20th August, 1857, which strikingly exemplified 
the respective qualities of the lamps. A sudden outburst 
of gas took place from the floor of the mine, along a dis- 
tance of fifty yards. Fortunately the men working in the 
pit at the time were all supplied with safety-lamps — the 
hewers with Stephenson's, and the hurriers with Davy's. 
Upon this occasion, the whole of the Stephenson's lamps, 
over a space of five hundred yards, were extinguished almost 
instantaneously ; whereas the Davy lamps were filled with 
fire, and became red-hot — so much so, that several of tha 
men using them had their hands burnt by the gauze. 
Had a strong current of air been blowing through the 
gallery at the time, an explosion would most probably have 
taken place — ^an accident which, it will be observed, could 
not, under such circumstances, occur from the use of the 
Geordy, which is immediately extinguished as soon as the 
air becomes explosive.* 



♦ The a^ident above referred to 
\iia/k described in the * Bamsley 



Times/ a copy of which, contain- 
ing the account, Robert Stephenson 
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Nioholae Wood, a good judge, has said of the two in 
tionB, "IViority haa been claimed for each of then 
belieTe the inventions to be parallel By difiFerent i 
they both arrived at the same result. Stephenson 
the superior lamp. Davy's is safe — Stephenson's is safi 

\Vhen the question of priority waa under discussio 
the studio of Mr. Lough, the sculptor, in 1857, Sir Matl 
\Vhite Eidley asked Itobert Stephenson, who was prei 
for his opinion on the subject. His answer was, " I an 
exactly the person to give an unbiassed opinion ; bu 
you ask me frankly, I will as frankly say, that if Ge 
Stephenson had never lived. Sir Humphry Davy could 
most probably would have invented the safety-lamp ; 
again, if Sir Humphry Davy had never lived, Ge 
Stephenson certainly would have invented the safety-li 
as I believe he did, independent of all that Sir Hum] 
Davy had ever done in the matter." 



forwarded to the aathor, with tbe I ia. I think, worthy of record i 
observation that " it ia evidently I Ikther's Litu ' 
written by a practical iQioer, and | 
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CHAPTEE VII. 

Geouge Stbfhensom's fubthbb Impboyembnts in the LoCO' 
MOTIVE — The Hetton Eailwat — Eobebt Stephenson 
AS Vibwee's Appbentioe and Student. 

Stephenson's experiments on fire-damp, and his labours in 
connexion with the invention of the safety-lamp, occupied 
but a small portion of his time, which was necessarily 
devoted for the' most part to the ordinary business of the 
colliery. From the day of his. appointment as engine- 
wright, one of the subjects which particularly occupied his 
attejntion was the best practical method of winning and 
raising the coal. He was one of the first to introduce 
steam machinery underground with the latter object. In- 
deed, the Killingworth mines came to be r^arded as the 
models of the district ; the working arrangements generally 
being conducted in a skilful and efficient manner, reflecting 
the highest credit on the colliery engineer. 

Besides attending to the underground arrangements, the 
improved transit of the coals aboveground from the pit- 
head to the shipping-place, demanded an increasing share of 
his attention. Every day's experience convinced him that 
the locomotive constructed by him after his patent of the 
year 1815, was far from perfect; though he continued to 
entertain confident hopes of its eventual success. He even 
went so far as to say that the locomotive woxdd yet super- 
sede every other traction-power for drawing heavy loads. 
Many still regarded his travelling engine as little better 
than a curious toy.; and some, shaking their heads, pre- 
dicted for it " a terrible blow-up some day." Nevertheless, 
it was daily performing its work vnih regularity, dragging 
the coal-wagons between the colliery and the staiths, and* 
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saving the la1t)our of many men and horses. There was 
not, however, so marked a saving in haulage as to induce 
the colliery masters to adopt locomotive power genei-ally as 
a substitute for horses. How it could be improved and 
rendered more efficient as well as economical, was constantly 
present to Stephenson's mind. 

At an early period of his labours, or about the time when 
he had completed his second locomotive, he began to direct 
his particular attention to the state of the Eoad; as he 
perceived that the extended use of the locomotive must 
necessarily depend in a great measure upon the perfection, 
solidity, continuity, and smoothness of the way along which 
the engine travelled. Even at that early period, he was 
in the habit of regarding the road and the locomotive as 
one machine, speaking of the rail and the' wheel as **man 
and wife." 

All railways were at that time laid in a careless and 
loose manner, and great inequalities of level were allowed 
to occur without much attention being paid to repairs. The 
consequence was a great loss of power, as well as much tear and 
wear of the machinery, by the frequent jolts and blows of 
the wheels against the rails. His first object therefore was, 
to remove the inequalities produced by the imperfect junc- 
tion between rail and rail. At that time, (in 1816) the 
rails were made of cast iron, each rail being about three 
feet long ; and sufficient care was not taken to maintain the 
points of junction on the same level. The chairs, or cast- 
iron pedestals into which the rails were inserted, were flat 
at the bottom; so that, whenever any disturbance, took 
place in the stone blocks or sleepers supporting them, the 
flat base of the chair upon which the rails rested being 
tilted by unequal subsidence, the end of one rail became 
depressed, whilst that of the other was elevated. Hence 
constant jolts and shocks, the reaction of which very often 
caused the fracture of the rails, and occasionally threw the 
engine off the road, 
^v To remedy this impeifection Mr. Stephenson devised a 
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new chair, with an entirely new mode of fixing the rails 
therein. Instead of adopting the buU-joint which had 
hitherto been used in all cast-iron rails, he adopted the 
half-lap joint, by which means the rails extended a certain 
distance over each other at the ends, like a scarf-joint. 
These ends, instead of resting upon the flat chair, wera 
made to rest upon 
the apex of a curve 
forming the hot- > 
tom of the chair. 
The supports were 
also extended from 

three feet to three 

... , , Hiur-up Joint, 

feet nine inches or 

four feet apart. These rails were accordingly substitiitod 
for the old cast-iron plates on the Killingworth CoUiery 
EaUway, and they were found to he a very great improve- 
ment upon the previous system, adding both to the effi- 
ciency of the horse-power, stUI employed in working the 
railway, and to the smooth action of the locomotive engine, 
but more particularly increasing the efficiency of the latter. 

This improved form of rail and chair was embodied in a 
patent taken out in the joint names of Mr. Losh, of New- 
castle, iron-founder, and of Mr. Stephenson, bearing date 
30tii September, 1816. Mr. Losh being a wealthy, enter- 
prising iron-manufacturer, and having confidence in Geoi^ 
Stephenson and his improvements, found the money for the 
purpose of taking out the patent, which, in those days, was 
a very costly as well as troublesome affair. 

The specification of the same patent also described various 
important improvemente in the locomotive iteel£ The 
wheels of the engine were improved, being altered from 
cast to malleable iron, in whole or in part, by which they 
were made lighter as well as more durable and safe. But 
the most ingenious and original contrivance embodied in 
this patent was tho substitute for springs which Mr. Ste- 
phenson invented. He contrived that the steam generated 
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in tlie boiler should perform this important office. The 
method by which this wa43 effected displayed such genuine 
mechanical genius, that we would particularly caU atten- 
tion to the device, which was the more remarkable, as it 
was contrived long before the possibility of steam loco- 
motion had become an object of general inquiry or of public 
interest 

It has already been observed that up to, and indeed after, 
the period of which we speak, there was no such class of 
'skilled mechanics, nor were there any such machines and 
tools in use, as are now available to inventors and manufac- 
turers. Although skilled workmen were in course of gradual 
training in a few of the larger manufacturing towns, they 
did not, at the date of Stephenson's patent, exist in any con- 
siderable numbers, nor was there then any class of mechanics 
capable of constructing springs of sufficient strength and 
elasticity to support locomotive engines of ten tons weight. 

In order to avoid the dangers arising from the inequalities 
of the road, Stephenson so arranged the boiler of his new 
patent locomotive that it was supported upon tho frame of 
the engine by four cylinders, which opened into the interior 
of the boiler. These cylinders were occupied by pistons 
with rods, which passed downwards and pressed upon the 
upper side of the axles. The cylinders opening into the 
interior of the boiler, allowed the pressure of steam to be 
applied to the upper side of the piston ; and the pressure 
being nearly equivalent to one-fourth of the weight of the 
engine, each axle, whatever might be its position, had at aU 
times nearly the same amount of weight to bear, and conse- 
quently the entire weight was pretty equally distributed 
amongst the four wheels of the locomotive. Thus the four 
floating pistons were ingeniously made to serve the purpose 
of springs in equalising the weight, and in softening the 
ierks of the machine ; the weight of which, it must also be 
observed, had been increased, on a road originally calculated 
to bear a considerably lighter description of carriage. This 
mode of supporting the engine remained in use until the 
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progress of spriag-toaking had so far advanced that steel 
springs could be manufactured of sufBoient strength to bear 
the weight of locomotive engines. 

The reBalt of the actual working of the new locomotive 
on the improved road amply justified the promises held 
forth in the specification. The traffic was conducted with 
greater regularity and economy, and the superiority of the 
engine, as compared with horse traction, became still more 
marked. It is a fact worthy of notice, that the identical 



engines constructed in 1816 after the plan above described 
are to this day to be seen in regular useful work upon the 
Killingworth Eailway, conveying heavy coal-trains at the 
speed of between fi^e and six miles an hour, probably aa 
economically as any of the more perfect locomotives now in 

Mr. Stephenson's endeavours having been attended with 
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Buoh marked success in the adaptation of locomotive power 
to railways, his attention was called by many of his friends, 
about the year 1818, to the application of steam to travelling 
on common roads. It was from this point that the loco- 
motive started, Trevithiok's first engine having been con- 
structed with this special object. Stephenson's friends 
having observed how far behind he had left the original 
projector of the locomotive in its application to railroads, 
perhaps naturally inferred that he would be equally suc- 
cessful in applying it to the purpose for which Trevithick 
and Vivian had intended their first engine. But the 
accuracy with which he estimated the resistance to which 
loads were exposed on railways, arising from friction and 
gravity, led him at a very early stage to reject the idea of 
ever applying steam power economically to common-road 
travelling. In October, 1818, he made a series of careful 
experiments in conjunction with Nicholas Wood, on the 
resistance to which carriages were exposed on railways, 
testing the results by means of a dynamometer of his own 
construction. The series of practical observations made by 
means of this instrument were interesting, as the first 
systematic attempt to determine the precise amount of 
resistance to carriages moving along railways. It was then 
for the first time ascertained by experiment that the friction , 
was a constant quantity at all velocities. Although this 
theory had long before been developed by Vince and 
Coulomb, and was well known to scientific men as an 
established truth, yet, at the time when Stephenson made 
his experiments, the deductions of philosophers on the 
subject were neither believed in nor acted upon by prac- 
tical engineers. 

He ascertained that the resistances to traction were 
mainly three ; the first being upon the axles of the car- 
nages, th^ second, or rolling resistance, being between tlio 
circiunference of the wheel and the surface of the rail, and 
the third being the resistance of gravity. The amount of 
friction and gravity he could accurately ascertain ; but the 
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rolling resistance was a matter of greater difficulty, being 
Bubject to mnclx variation. He satisfied bimself, however, 
that it was so great when the surface presented to the 
wheel was of a rough character, that the idea of working 
steam carriages economically on common roads was dis- 
missed by him as entirely impracticable. Taking it as 
10 lbs to a ton weight on a level railway, it became obvious 
to him that so small a rise as 1 in 100 would diminish the 
useful eflfort of a locomotive by upwards of 50 per cent. 
This was demonstrated by repeated experiments, and the 
important fact, thus rooted in his mind, was never lost 
sight of in the course of his future railway career. 

It was owing in a great measure to these painstaking 
experiments that he early became convinced of the vital 
importance, in an economical point of view, of reducing the 
country through which a railway was intended to pass as 
nearly as possible to a level. Where, as in the first coal 
railways of Northumberland and Durham, the load was 
nearly all one way, — that is, from the colliery to the 
shipping-place, — it was an advantage to have an inclination 
in that direction. The strain on the powers of the locomo- 
tive was thus diminished, and it was easy for it to haul the 
empty waggons back to the colliery up even a pretty steep 
incline. But when the loads were both ways, he deemed it 
of great importance that the railroad should be constructed 
as nearly as possible on a level. 

These views, thus early entertained, originated in Ste- 
phenson's mind the peculiar character of railroad works as 
distinguished from other roads ; for, in railways, he early 
contended that large sums would be wisely expended in per- 
forating barriers of hills with long tunnels, and in raising 
the lower levels with the excess cut down from the adjacent 
high ground. In proportion as these views forced them- 
selves upon his mind and were corroborated by his daily 
experience, he became more and more convinced of the hope- 
lessness of applying steam locomotion to common roads ; for 
every argument in favour of a level railway was, in his 

I 2 
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view, an argument against the rough and hilly course of a 
oommon road. 

Although Stephenson's locomotive engines were in daily 
use for many years on the KiUingworth Eailway, they 
excited comparatively little interest. They were no longer 
experimental, but had become an established tractive power. 
The experience of years had proved that they worked more 
steadily, drew heavier loads, and were, on the whole, con- 
siderably more economical than horses. Nevertheless eight 
years passed before another locomotive railway was con- 
structed and opened for the purposes of coal or other traffic. 

Stephenson had no means of bringing his important in- 
vention prominently under the notice of the public. He 
himself knew well its importance, and he already anticipated 
its eventual general adoption ; bui being an imlettered man, 
he could not give utterance to the thoughts which brooded 
within him on the subject KiUingworth Colliery lay far 
from London, the centre of scientific life in England. It 
was visited by no savans nor literary men, who might have 
succeeded in introducing to notice the wonderful machine of 
Stephenson. Even the local chroniclers seem to have taken 
no notice of the KiUingworth Eailway. 

There seemed, indeed, to be so small a prospect of intro- 
ducing the locomotive into general use, that Stephenson, — 
perhaps feeling the capabilities within him, — again recurred 
to his old idea of emigrating to the United States. Before 
joining Mr. Burrel as partner in a small foundry at Forth 
Banks, Newcastle, he had thrown out to him the sugges- 
tion that it would be a good speculation for them to emi- 
grate to North America, and introduce steamboats upon the 
great inland lakes there. The first steamers were then 
plying upon the Tyne before his eyes ; and he saw in them 
the germ of a great revolution in navigation. It occurred 
to hiin that North America presented the finest field for 
trying their wonderful powers. He was an engineer, 
his partner was an iron-founder ; and between them he 
thought they might strike out a path to fortune in the 
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mighty West. Fortunately, this idea remained a mere 
speoulation so far as Stephenson was concerned : and it was 
left to others to do what he had dreamt of achieving. After 
all his patient waiting, his skill, industry, and perseverance 
were at length about to bear fruit. 

In 1 819 the owners of the Hetton Colliery, in the county 
of Durham, deteimined to have their waggon-way altered 
to a locomotive railroad. The result of the working of the 
Killingworth Eailway had been so satisfaclory, that they 
resolved to adopt the same system. One reajson why an 
experiment so long continued and so successful as that at 
Killingworth should have been so slow in producing results, 
perhaps was, that to lay down a railway and furnish it 
with locomotives, or fixed engines where necessary, required 
a very large capital, beyond the means of ordinary coal- 
owners ; whilst the small amount of interest felt in railways 
by the general public, and the supposed impracticability 
of working them to a profit, as yet prevented ordinary 
capitalists from venturing their money in the promotion ol 
such undertakings. The Hetton Coal Company were, how- 
ever, possessed of adequate means ; and the local reputation 
of the KQlingworth engine-wright pointed him out as 
the man best calculated to lay out their line, and superin- 
tend their works. They accordingly invited him to act as 
the engineer of the proposed railway, which was to be the 
longest locomotive line that had, up to that time, been con- 
structed. It extended from the Hetton Colliery, situated 
about two miles south of Houghton-le-Spring, in the county 
of Durham, to the shipping-places on the banks of the Wear, 
near Sunderland. Its length was about eight miles ; and 
in its course it crossed Warden Law, one of the highest 
hills in the district. The character of the country forbade 
the construction of a flat line, or one of comparatively easy 
gradients, except by the expenditure of a much larger 
capital than was placed at the engineer's disposal. Heavy 
works could not be executed ; it was therefore necessary to 
form the line with but little deviation from the natural 
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oonfonnation of tlie district which it traversed, and also tu 
adapt the mechanical methods employed for its working to 
the character of the gradients, which in some places were 
necessarily heavy. 

Although Stephenson had, with every step made towards 
its increased utility, become more and more identified with 
the success of the locomotive engine, he did not allow his 
enthusiasm to carry him away into costly mistakes. He 
carefully drew the line between the cases in which the 
locomotive could be usefully employed, and those in which 
stationary engines were calculated to be more economical. 
This led him, as in the instance of the Hetton Eailway, to 
execute lines through and over rough countries, where gra- 
dients within the powers of the locomotive engine of that 
day could not be secured, employing in their stead stationary 
engines where locomotives were not practicable. In the 
present case, this course was adopted by him most success- 
fully. On the original Hetton line, there were five self- 
acting inclines, — the full waggons drawing the empty ones 
up, — and two inclines worked by fixed reciprocating engines 
of sixty horse power each. The locomotive travelling 
engine, or " the iron horse," as the people of the neighbour- 
hood then styled it, did the rest. On the day of the opening 
of the Hetton Eailway, the 18th November, 1822, crowds of 
spectators assembled from all parts to witness the first 
operations of this ingenious and powerful machinery, which 
was entirely successful. On that day five of Stephenson's 
locomotives were at work upon the railway, under the 
direction of his brother Eobert ; and the first shipment of 
coal was then made by the Hetton Company, at their new 
staiths on the Wear. The speed at which the locomotives 
travelled was about 4 miles an hour, and each engine 
dragged after it a train of 17 waggons, weighing about 64 
tons. 

While thus advancing step by step, — attending to the 
business of the Killingworth Colliery, and laying out rail- 
ways in the neighbourhood, — he was earefdlly watching 
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over the education of his son. We have already seen that 
Robert was sent to Brace's school at Newcastle, where he 
remained about four years. He left it in the summer of 
1819, and was then put apprentice to Mr. Nichdlas Wood, 
the head viewer at Killingworth, to learn the busineys of 
the colliery. He served in that capacity for about tnree 
years, during which time he became familiar with most 
departments of underground work. The occupation was 
not unattended with peril, as the following incident will 
show. Though the use of the Geordy lamp had become 
general in the Killingworth pits, and the workmen were 
bound, under a penalty of half-ansrown, not to use a naked 
candle, it was difficult to enforce the rule, and even the 
masters themselves occasionally broke it. One day Nicholas 
Wood, the head viewer, Moodie the under viewer, and 
Robert Stephenson, were proceeding along one of the gal 
leries. Wood with a naked candle in his hand, and Robert 
following him with a lamp. They came to a place where a 
fall of stones from the roof had taken place, on which Wood, 
who was first, proceeded to clamber over the stones, holding 
high the naked candle. He had nearly reached the simunit 
of the heap, when the fire-damp, which had accumulated in 
the hollow of the roof, exploded, and instantly the whole 
party were blown down, and the lights extinguished. They 
were a mile from the shaft, and quite in the dark. There 
was a rush of the workpeople from all quarters towards the 
shaft, for it was feared that the fire might extend to more 
dangerous parts of the pit, where, if the gas had exploded, 
every soul in the mine must inevitably have perished. 
Robert Stephenson and Moodie, on the first impulse, ran 
back at full speed along the dark gallery leading to the 
shaft, coming into collision, on their way, with the hind 
quarters of a horse stunned by the explosion. When they 
had gone halfway, Moodie halted, and bethought him of 
Nicholas Wood. " Stop, laddie !" said he to Robert, " stop ; 
we maun gang back, and seek the maister." So they 
rotraoeci their steps. Happily, no furth&r explosion had 
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taken place. They found the master lying on the heap of 
utones, stunned and bruised, with his hands severely burnt. 
They led him to the bottom of the shaft ; and he took care 
af(:erwards not to venture into the dangerous parts of the 
mine without the protection of a Geordy lamp. 

The time that Robert spent at Killingworth as viewer's 
apprentice was of advantage both to his father and himself. 
The evenings were generally devoted to reading and study, 
the two from this time working together as friends and oo- 
labourers. One who used to drop in at the cottage of an 
evening, well remembers the animated and eager discussions 
which on some occasions took place, more especially with 
reference to the growing powers of the locomotive engine. 
The son was even more enthusiastic than the father on this 
subject Hobert would suggest numerous alterations and 
improvements in details. His father, on the contrary, 
would offer every possible objection, defending the existing 
arrangements, — proud, nevertheless of his son's suggestions, 
and often warmed and excited by his brilliant anticipations 
of the ultimate triumph of the locomotive. 

These discussions probably had considerable influence in 
inducing Stephenson to take the next important step in the 
education of his son. Although Robert, who was only nine- 
teen years of age, was doing well, and was certain at the 
expiration of his apprenticeship to rise to a higher position, 
his father was not satisfied with the amount of instruction 
which he had as yet given him. Remembering the disad- 
vantages under which he had himself laboured through his 
ignorance of practical chemistry during his investigations 
connected with the safety-lamp, more especially with refer- 
ence to the properties of gas, as well as in the course of his 
experiments with the object of improving the locomotive 
engine, he determined to furnish his son with as complete 
a scientific culture as his means would afford. He also be- 
lieved that a proper training in technical science was indis- 
pensable to success in the higher walks of the engineer's 
pmfession ; and he determined to give to his eon that kind 
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and degree of edTication which he so much desired for him- 
self. He would thus, he knew, secure a hearty and generous 
co-worker in the elaboration of the great ideas now looming 
before him, and with their united practical and scientific 
knowledge he probably felt that they would be equal to any 
enterprise. 

He accordingly took Robert from his labours as under- 
viewer in the West Moor Pit, and in October, 1 822^^ sent 
him to the Edinburgh University, there being then no col- 
lege in England accessible to persons of moderate means, 
for purposes of scientific culture. Robert was furnished 
with letters of introduction to several men of literary 
eminence in Edinburgh ; his fgither's reputation in connexion 
with the safety-lamp being of service to him in this respect. 
He lodged in Drummond Street, in the immediate vicinity 
of the college, and attended the Chemical Lectures of Dr. 
Hope, the Natural Philosophy Lectures of Sir John Leslie, 
and the Natural History Class of Professor Jameson. He 
also devoted several evenings in each week to the study of 
practical Chemistry under Dr. John Murray, himself one 
of the numerous designers of a safety-lamp. He took care- 
ful notes of all the lectures, which he copied out at night 
liefore he went to bed ; so that, when he returned to Kil- 
lingworth, he might read them over to his father. He 
afterwards had the notes bound up, and placed in his 
library. Long years after, when conversing with Thomas 
Harrison, C.E., at his house in Gloucester Square, he rose 
from his seat and took down a volume from the shelves. 
Mr. Harrison observed that the book was in MS., neatly 
written out. " What have we here ?" he asked. The 
answer was — "When I went to college, I knew the 
Ufficulty my father had in collecting the funds to send me 
there. Before going I studied short-hand; while at 
Edinburgh, I took down verbatim every lecture; and in 
the evenings, before 1 went to bed, I transcribed those 
lectures word for word. You see the result in that range 
of books." 
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One of the practical sciendes in the study of which Bobert 
Stephenson took special interest while at Edinburgh wpjsi 
that of geology. The situation of the city, in the midst of 
a district of highly interesting geological formation, easily 
accessible to pedestrians, is indeed most favourable to the 
pursuit of such a study ; and it was the practice of Professor 
Jameson frequently to head a band of his pupils, armed with 
hammers, chisels, and clinometers, and take them with him 
on a long ramble into the country, for the purpose of teach- 
ing them habits of observation and reading to them from the 
open book of Nature itself. At the close of this session, 
the professor took with him a select body of his pupils on 
an excursion along the Great Glen of the Highlands, in 
the line of the Caledonian Canal, and Eobert formed one 
of the party. They passed under the shadow of Ben 
Nevis, examined the famous old sea-margins known ss the 
" parallel roads of Glen Eoy," and extended their journey 
as far as Inverness ; the professor teaching the young men 
as they travelled how to observe in a mountain country. 
Not long before his death, Eobert Stephenson spoke in 
glowing terms of the great pleasure and benefit which he 
had derived from that interesting excursion. "I have 
travelled far, and enjoyed much," he said ; " but that de- 
lightful botanical and geological journey I shall never forget ; 
and I am just about to start in the Titania for a trip round 
the east coast of Scotland, returning south through the 
Caledonian Canal, to refresh myself with the recollection 
of that first and brightest tour of my life." ^ 

Towards the end of the summer of 1822 the young stu- 
dent returned to Killingworth to re-enter upon the active 
business of life. The six months' study had cost his father 
80Z. ; but he was amply repaid by the better scientific 
culture which his son had acquired, and the evidence of 
ability and industry which he was enabled to exhibit in a 
prize for mathematics which he had won at the University. 
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Geobge Stephenson Engineer os ths Stooktoh ajud 
Dablington Bailwat, 

The district west of Darlington, in Durham, is one of the 
richest mineral fields of the North. Va^t stores of coal 
underlie the Bishop Auckland Valley ; and from an early 
period new and good roads to market were felt to be ex- 
ceedingly deeiraljle. As yet it remained almost a closed 
field, the cost of transport of tlie coal in carts, or on horses' 
or donkeys' backs, greatly limiting the sale. Long ago, 
in the days of canal formations, Brindley was consulted 
about a canal; afterwards, in 1812, a tramroad was sur- 
veyed byRennie; and eventually, in 1817, a railway was 
projected from Darlington to Stockton-on-Tees. 



Map Df StDckton and DsrEDghm Kullotiy. 

Of this railway Edward Pease waa the projector. A 
thoughtful and sagacious man, ready in resources, possessed 
of indomitable energy and perseverance, ho was eminently 
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qualified to undertake what appeared to many the hopeless 
entfiipris© of obtaining an Act for a raQway through such an 
unpromising district One who knew him in 1 8 1 8 said, " he 
was a man who could see a hundred years ahead." When the 
writer last eaw him, in the autumn of 1854, Mr. Pease was 
in his eighty-eighth year ; yet he still possessed the hope- 



fulness and mental -vigour of a man in his prime. Hale 
and hearty, and full of reminiscences of the past, he con- 
tinued to take an active interest in all measures calculated 
to render men happier and better. Still sound in health, 
his eye had not lost its brilliancy, nor his dieek its colour ; 
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and there was an elasticity in his step which younger men 
might have envied.* 

In getting up a company for surveying and forming a 
railway, Mr. Pease had great dif&culties to encounter. The 
people of the neighbourhood spoke of it as a ridiculous 
undertaking, and predicted that it would be ruinous to all 
concerned. Even those most interested in the opening of 
new markets for their coal, were indifferent, if not actually 
hostile. The Stockton merchants and shipowners, whom it 
was calculated so greatly to benei^t, gave the project no 
support ; and not twenty shares were subscribed for in the 
whole town. Mr. Pease nevertheless persevered ; and he 
induced many of his Mends and relations to subscribe the 
capital required. 

The necessary preliminary steps were taken in 1818 to 
apply for an act to authorise the construction of a tramroad 
from Witton to Stockton. The measure was however, 
strongly opposed by the Duke of Cleveland, because the 
proposed line passed close by one of his fox covers ; and the 
bill was rejected. A new survey was then made, avoiding 
the Duke's cover; and in 1819 a renewed application was 
made to Parliament. The promoters were this time suc- 
cessful, and, the royal assent was given to the first Stockton 
and Darlington Eailway Act on the 19th April, 1821. 

The projectors did not originally contemplate the employ- 
ment of locomotives. The Act provided for the making 
and maintaining of tramroads for the passage " of waggons 
and other carriages" ^'vnth men and horses or otherwise," 
and a further clause made provision for damages done in 
course of traffic by the " waggoners." The public were to 
be free " to use with horses, cattle and carriages," the roads 
formed by the company, on payment of the authorised rates, 
" between the hours of seven m the morning and six in the 
evening," during winter ; " between six in the morning and 



* Mr. Peaae died at Darlington, on the 31st of July, 1858, aged ninety- 
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eight in tlie evening," in two of the spring and autumn 
months; and '* between five in the morning and ten in 
the evening," in the summer months of May, June, July, 
and August From this it will be obvious that the pro- 
jectors of the line had themselves at first no very large 
conceptions as to the scope of their project. 

One day, in the spring of 1821, two strangers knocked 
at the door of Mr. Pease's house in Darlington; and the 
message was brought to him that some persons from Kil- 
lingworth wanted to speak with him. They were invited 
in, on which one of the visitors introduced himself as 
Nicholas Wood, viewer at Killingworth, and then turning 
to hJR companion, he introduced him as George Stephenson, 
engine-wright, of the same place. 

Mr. Pease entered into conversation with his visitors, and 
was soon told their object. Stephenson had heard of the 
passing of the Stockton and Darlington Act, and desiring to 
increase his railway experience, and also to employ in some 
larger field the practical knowledge he had already gained, 
he determined to visit the known projector of the under- 
taking, with the view of being employed to carry it out. 
He had brought with him his friend Wood, for the purpose 
at the same time of relieving his diffidence, and supporting 
his application. 

Ml". Pease liked the appearance of his visitor : " there 
was," as he afterwards remarked when speaking of Stephen- 
son, "such an honest, sensible look about him, and he 
seemed so modest and unpretending. He spoke in the 
strong Northumbrian dialect of his district, and described 
himself as * only the engine-wright at Killingvs^orth ; that's 
what he was.' " 

Mr. Pease soon saw that our engineer was the very man 
for his purpose. The whole plans of the railway were still 
in an undetermined state, and Mr. Pease was therefore glad 
to have the opportunity of profiting by Stephenson's ex- 
perience. In the course of their conversation, the latter 
^itrongly recommended a railway in preference to a tram* 
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road. They also discussed the kind of tractive power to he 
employed: Mr. Pease stating that the company had ba^sed 
their whole calcidations on the employment of Aor«e power. 
" I was so satisfied," said he afterwards, " that a horse upon 
an iron road would draw ten tons for one ton on a 
common road, that I felt sure that before long the railway 
would become the King's highway." But Mr. Pease was 
scarcely prepared for the bold assertion made by his visitor, 
ihat the locomotive engine with which he had been working 
the Killingworth Eailway for many years past was worth 
fifty horses, and that engines made after a similar plan 
would yet entirely supersede all horse power upon rail- 
roads. Stephenson was daily becoming more positive as to 
the superiority of his locomotive ; and hence he strongly 
urged Mr. Pease to adopt it. " Come over to Killingworth," 
said he, " and see what my engines can do ; seeing is be- 
lieving, sir." Mr. Pease accordingly promised that on some 
early day he would go over to Killingworth, and take a 
look at the wonderful machine that was to supersede horses. 

The result of the interview was, that Mr. Pease promised 
to bring Stephenson's application for the appointment of 
engineer before the Directors, and to support it with his 
influence; whereon the two visitors prepared to take their 
leave, informing Mr. Peas© that bhey intended to return 
to Newcastle " by nip ; " that is, they expected to get a 
smuggled lift on the stage-coach, by tipping Jehu, — for in 
those days the stage coachmen regarded all casual roadside 
passengers as their proper perquisites. They had, how- 
ever, been so much engrossed by their conversation, that 
the lapse of time was forgotten, and when Stephenson and 
his friend made enquiries about the return coach, they 
foimd the last had left ; and thev had to walk the 18 miles 
to Durham on their way back to Newcastle. 

Mr. Pease having made further inquiries respecting Ste- 
phenson's character and qualifications, and having received 
a very strong recommendation of him as the right man loi 
ihe intended work, he brought the subject of his appli- 
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cation before the directors of tlie Stockton and Darlington 
Company. They resolved to adopt his recommendation 
that a railway be formed instead of a tramroad ; and they 
further requested Mr. Pease to write to Stephenson, desiring 
him to undertake a re-survey of the line at the earliest 
practicable period. 

A man was despatched on a horse with the letter, and 
when he reached Killingworth he made diligent enquiry 
after the person named upon the address, " George Stephen- 
son, Esquire, Engineer." No such person was known in 
the village. It is said that the man was on the point of 
giving up all further search, when the happy thought 
struck some of the colliers' wives who had gathered about 
him, that it must be " Geordie the engine-wright " the man 
was in search of; and to Geordie's cottage he accordingly 
went, found him at home, and delivered the letter. 

About the end of September, Stephenson went carefully 
over the line of the proposed railway, for the purpose of 
suggesting such improvements and deviations as he might 
consider desirable. He was accompanied by an assistant 
and a chainman, — his son Eobert entering the figures while 
his fkther took the sights. After being engaged in the 
work at intervals for about six weeks, Stephenson reported 
the result of his sm-vey to the Board of Directors, and 
showed that by certain deviations, a line shorter by about 
three miles might be constructed at a considerable saving in 
expense, while at the same time more favourable gradients 
— an important consideration — would be secured. 

It was, however, determined in the first place to proceed 
with the works at those parts of the line where no deviation 
was proposed ; and the first rail of the Stockton and Dar- 
lington Kailway was laid with considerable ceremony, near 
Stockton, on the 23rd May, 1822. 

It is worthy of note that Stephenson, in making his first 
estimate of the cost of forming the railway according to the 
histructions of the directors, set down, as part of the cost, 
6200^ for stationary engines, not mentioning locomotives at 
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all. The directors as yet confined their views to the em- 
ployment only of horses for the haulage of the coals, and 
of fixed engines and ropes where horse-power was not 
applicable. The whole question of steam locomotive power 
was, in the estimation of the public, as well as of practical 
and scientific men, as yet in doubt The confident antici- 
pations of George Stephenson, as to the eventual success of 
locomotive engines, were regarded as mere speculations; 
and when he gave utterance to his views, as he frequently 
took the opportunity of doing, it even had the effect of 
shaking the confidence of some of his friends in the solidity 
of his judgment and his practical qualities as an engineer. 

When Mr. Pease discussed the question with Stephenson, 
his remark was, " Come over and see my engines at Killing- 
worth, and satisfy yourself as to the efficiency of the 
locomotive. I will show you the colliery books, that you 
may ascertain for yourself the actual cost of working. And 
I must tell you that the eainomy of the locomotive engine 
is no longer a matter of theory, but a matter of fact." So 
confident was the tone in which Stephenson spoke of the 
success of his engines, and so important were the conse- 
quences involved in arriving at a correct conclusion on the 
subject, that Mr. Pease at length resolved upon paying a 
visit to Killingworth in the summer of 1822, to see with 
his own eyes the wonderful new power so much vaunted 
by the engineer. 

When Mr. Pease arrived at Killingworth village, he 
inquired for George Stephenson, and was told that he must 
go over to the West Moor, and seek for a cottage by the road- 
side, with a dial over the door — " that was where George 
Stephenson lived." They soon found the house with the 
dial ; and on knocking, ihe door was opened by Mrs. Ste- 
phenson — ^^his second wife (Elizabeth Hindmarsh), the 
daughter of a fanner at Black Callerton, whom he had 
married in 1820.* Her husband, she said, was not in the 



♦ The story has been told that Hindmarsh, while occupying the 
Gecrge was a former suitor of Mian position of a humble workman at 
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house at present, but she would send for him to the colliery. 
And in a short time Stephenson appeared before them in 
his working dress, just as he had come out of the pit 

He very soon had liis locomotive brought up to the cross- 
ing close by the end of the cottage, — ^made the gentlemen 
mount it, and showed them its paces. Harnessing it to a 
train of loaded waggons, he ran it along the railroad, and so 
thoroughly satisfied his visitors of its power and capabilities, 
tliat from that day Edward Pease was a declared supporter 
of the locomotive engine. In preparing the Amended 
Stockton and Dai-lington Act, at Stephenson's urgent re- 
quest Mr. Pease had a clause inserted, taking power to work 
the railway by means of locomotive engines, and to employ 
them for the haulage of passengers as well as of merchan- 
dise.* The Act was obtained in 1823, on which Stephenson 
was appointed the company's engineer at a salary of 3001. 
per annum; and it was determined that the line should 
be constructed and opened for traffic as soon as practicable. 

He at once proceeded, accompanied by his assistants, with 
the working survey of the line, laying out every foot of 
the ground himseK. Eailway surveying was as yet in its 
infancy, and was slow and difficult work. It afterwards 
became a separate branch of railway business, and was 
entrusted to a special staff. Indeed on no subsequent line 
did George Stephenson take the sights through the spirit 



Black Callerton, but that having 
been rejected by her, he made love 
to and married Fanny Henderson ; 
and that long after the death of 
the latter, when he had become a 
comparatively thriving ipan, he 
again made up to Miss Hindmarsh, 
and was on the second occasion 
accepted. This is the popular 
story, and different versions of it 
are current. Desirous of ascertain- 
ing the facts, the author called on 
Thomas Hindmarsh, Mrs. Stephen- 
son's brother, who assured him that 
George ^ew nothing of his sister 



until he (Hindmarsh) introduced 
him to her, at George's express re- 
quest, about the year 1818 cr 1819. 
The author was himself originally 
attracted by the much more ro- 
mantic version of the story, and 
gave publicity to it many years 
since; but after Mi. Hindmarsih's 
explicit statement, he thought fit 
to adopt the soberer, and perhaps, 
the truer view. 

* The first clause in any railway 
act, empowering the employment 
of locomotive engines for iho work- 
ing of pfussenger traffic 
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level with his own hands and eyes as he did on this rail- 
way. He started very early — dressed in a blue tailed coat, 
breeches, and top-boots — and surveyed until dusk. He was 
not at any time particular as to his living ; and during the 
survey, he took his chance of getting a little milk and 
bread at some cottager's house along the line, or occasionally 
joined in a homely dinner at some neighbouring farmhouse. 
The country people were accustomed to give him a hearty 
welcome when he appeared at their door ; for he was always 
full of cheery and homely talk, and, when there were chil 
dren about the house, he had plenty of humorous chat for 
them as well as for their seniors. 

After the day's work was over, George would drop in at 
Mr. Pease's, to talk over the progress of the survey, and 
discuss various matters connected with the railway. Mr. 
Pease's daughters were usually present ; and on one occa- 
sion, finding the yoimg ladies learning the art of embroi- 
dery, he volunteered to instruct them.* " 1 know all about 
it," said he ; " and you will wonder how I learnt it. I will 
tell you. When I was a brakesman at Killingworth, I 
learnt the art of embroidery while working the pitmen's 
buttonholes by the engine fire at nights." He was never 
ashamed, but on the contrary rather proud, of reminding 
his friends of these humble pursuits of his early life. Mr. 
Pease's family were greatly pleased with his conversation, 
which was always amusing and instructive; full of all 
sorts of experience, gathered in the oddest and most out-of- 
the-way places. Even at that early period, before he mixed 
in the society of educated persons, there was a dash oi 
speculativeness in his remarks, which gave a high degree of 
originality to his conversation ; and he would sometimes, 
in a casual remark, throw a flash of light upon a subject, 
which called up a train of pregnant suggestions. 



* This incident, communicated Rankley, A.R.A., exhibited at tho 



to the author by the late Edward 
Pi«se, has since been made the 
subject of a fine picture by Mr. A. 



Royal Academy Exhibition oi 
1861. 
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One of the most important subjects of discussion at tllese 
meetings with Mx. Pease, was the establishment of a manu- 
factor}' at Newcastle for the building of locomotive engines. 
Up to this time all the locomotives constructed after Ste- 
phenson's designs, had been made by ordinary mechanics 
working among the collieries in the North of England. 
But he had long felt that the accuracy and style of their 
workmanship admitted of great improvement, and that upon 
this the more perfect action of the locomotive engine, and 
its general adoption, in a great measure depended. One 
great object that he had in view in establishing the pro- 
posed factory was, to concentrate a number of good work- 
men for the purpose of carrying out the improvements in 
detail which he was constantly making in his engine. He 
felt hampered by the want of efficient help from skilled 
mechanics, who could work out in a practical form the 
ideas of which his busy mind was always so prolifia 
Doubtless, too, he believed that «he manufactory would 
prove a remunerative investment, and that, on the general 
adoption of the railway system which he anticipated, he 
would derive solid advantages from the fact of his establish- 
ment being the only one of the kind for the special con- 
struction of locomotive engines. 

Mr. Pease approved of his design, and strongly recom- 
mended him to carry it into effect. But there was the 
question of means ; and Stephenson did not think he had 
capital enough for the purpose. He told Mr. Pease that he 
could advance lOOOZ. — the aiaount of the testimonial pre- 
sented by the coal-owners for his safety-lamp invention, 
which he had still left untouched ; but he did not think 
this sufficient for the purpose, and he thought that he 
should require at least another lOOOL Mr. Pease had been 
very much struck with the successful performances of the 
Killingworth engine ; and being an accurate judge of cha- 
racter, he believed that he could not go far wrong in linking 
a portion of his fortune with the energy and industry 
of George Stephenson. He consulted his friend Thomas 
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Richardson in the matter ; and the two consented to ad 
vance 500Z. each for the purpose of establishing the engine 
factory at Newcastle. A piece of land was accordingly 
purchased in Forth Street, in August, 1823, on which a 
small building was erected — the nucleus of the gigantic 
establishment which was afterwards formed around it ; and 
active operations were begun early in 1824. 

While the Stockton and Darlington Eailway works were 
in progress, our engineer had many interesting discus- 
sions with Mr. Pease, on points connected with its con- 
struction and working, the determination of which in a 
great measure affected the formation and working of all 
future railways. The most important points were these : 

1. The comparative merits of cast and wrought iion rails. 

2. The gauge of the railway. 3. The employment of horse 
or engine power in working it, when ready for traflac. 

The kind of i*ails to be laid down to form the permanent 
road was a matter of considerable importance. A wooden 
tramroad had been contemplated when the first Act was 
applied for ; but Stephenson having advised that an iron 
road should be laid down, he was instructed to draw up a 
specification of the rails. He went before the directors to 
discuss with them the kind of material to be specified. He. 
was himself interested in the patent for cast-iron rails, 
which he had taken out in conjunction with Mr. Losh in 
1816 ; and, of course, it was to his interest that his articles 
should be used. But when requested to give his opinion 
on the subject, he frankly said to the directors, "Well, 
gentlemen, to tell you the truth, although it would put 
bOOl. in my pocket to specify my own patent rails, T cannot 
do so after the experience I have had. K you take my 
advice, you will not lay down a single cast-iron rail." 
"Why?" asked the directors. "Because they will not 
stand the weight, and you will be at no end of expense for 
repairs and relays." " What kind of road, then," he waa 
asked, "would you recommend?" "Malleable rails, cer- 
tainly," said he; "and I can recommend them with th^ 
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more confidence* from tlie fact that at Killiiigworth we 
have had some Swedish bars laid down— nailed to wooden 
sleepers — for a period of fourteen years, the waggons passing 
over them daily ; and there they are, in use yet, whei^eas 
the cast rails are constantly giving way." 

The price of malleable rails was, however, so high — 
being then worth about 12Z. per ton as compared with cast- 
iron rails at about bL 10«. — and the saving of expense was 
90 important a consideration with the subscribers, that 
Stephenson was directed to provide, in the specification, 
*hat only one-half of the rails required — or about 800 tons 
— should be of malleal?le iron, and the remainder of cast- 
iron. The malleable rails were of the kind called " fish- 
bellied," and weighed 28 lbs. to the yard, being 2J inches 
broad at the top, with the upper flange | inch thick. They 
were only 2 inches in depth at the points at which they 
rested on the chairs, and 3 J inches in the middle or bellied 
part. 

When forming the road, the proper gauge had also to be 
determined. What width was this to be ? The gauge of 
the first tramroad laid down had virtually settled the point. 
The gauge of wheels of the common vehicles of the country 
— of the carts and waggons employed on common roads, 
which were first used on the tramroads — ^was about 4 feet 
8 J inches. And so the first tramroads were laid down of 
this gauge. The tools and machinery for constructing 
coal-waggojis and locomotives were formed with this gauge 
in view. The Wylam waggon-way, afterwards the Wylam 
plate- way, the Killingworth railroad, and the Hetton rail 
road, were as nearly as possible on the same gauge. Some 
of the earth- waggons used to form the Stockton and Dar- 
lington road were brought from the Hetton railway ; and 
others which were specially constructed were formed of the 
same dimensions, these being intended to be afterwards 
employed in the working of the traffic. 

As the period drew near for the opening of the line, tho 
question of the tractive power to be employed was anxiously 
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discussed. At the Bmsselton incline, fixed engines must 
necessarily be made use of; but with respect to the mode of 
working the railway generally, it was decided that horses 
were to be largely employed, and arrangements were made 
for their purchase. The influence of Mr. Pease also secured 
that a fair trial should be given to the experiment of work- 
ing the traffic by locomotive power; and three engines 
were ordered from the firm of Stephenson and Co., New- 
castle, which were put in hand forthwith, in anticipation 
of the opening of the railway. These were constructed 
after Mr. Stephenson's most matured designs, and embodied 
all the improvements which he had contrived up to that 
time. No. I. engine, the "Locomotion," which was first 
delivered, weighed about eight tons. It had one large flue 
or tube through the boiler, by which the heated air passed 
direct from tlie fiimace at one end, lined with fire-bricks, 
to the chimney at the other. The combustion in the fur- 
nace was quickened by the adoption of "the steam-blast in 
the cliimney. The heat raised was sometimes so great, and 
it was so imperfectly abstracted by the surrounding water, 
that the chimney became almost red-hot. Such engines, 
when put to their speed, were found capable of running at 
the rate of from twelve to sixteen miles an hour ; but they 
were better adapted for the heavy work of hauling coal- 
trains at low speeds — for which, indeed, they were specially 
constructed — than for running at the higher speeds after 
wards adopted. Nor was it contemplated by the directors 
as possible, at the time when they were ordered, that loco- 
motives could be made available for the purposes of passenger 
travelling. Besides, the Stockton and Darlington Eailway 
did not run through a district in which passengers were 
supposed to be likely to constitute any considerable portion 
of the traffic. 

We may easily imagine tne anxiety felt by Mr. Stephen- 
son during the progress of the works towards completion, 
and his mingled hopes and doubts (though his doubts were 
but few) as to the issue of this great experiment. When 
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the formation of tlie line near Stockton was well advanced, 
Mr. Stephenson one day, accompanied by his son Eobert 
and John Dixon, made a journey of inspection of the worka 
The party reached Stockton, and proceeded to dine at one 
of the inns there. After dinner, Stephenson ventured 
on the very unusual measure of ordering in a bottle of 
wine, to drink success to the railway. John Dixon relates 
with pride the utterance of the master on the occasion- 
" Now, lads," sail he to the two young men, " I venture 
to tell you that I think you will live to see the day when 
railways will supersede almost all other methods of convey- 
ance in this coimtry — ^when mail-coaches will go by railway, 
and railroads will become the great highway for the king 
and all his subjects. The time is coming when it will be 
cheaper for a working man to travel upon a i-ailway than to 
walk on foot. I know there are great and almost insur- 
moimtable difficulties to be encountered ; but what I have 
said will come to pass as sure as you live. I only wish I 
may live to see the day, though that I can scarcely hope for, 
as I know how slow all human progress is, and with what 
difficulty I have been able to get the locomotive thus far 
adopted, notwithstanding my more than ten years' successful 
experiment at Killingworth." The result, however, out- 
stripped even the most sanguine anticipations of Stephenson ; 
and his son Robert, shortly after his return from America in 
J 827, saw his fe-ther's locomotive generally employed as the 
tractive power on railways. 

The Stockton and Darlington line was opened for traffic 
on the 27th September, 1825. An immense concourse of 
people assembled from all parts to witness the ceremony of 
opening this first public railway. The powerful opposition 
which the project had encountered, the threats which were 
still uttered against the company by the road-trustees and 
others, who declared that they would yet prevent the line 
being worked, and perhaps tiie general unbelief as to its 
success which still prevailed, tended to excite the curiosity 
of the public as to the result Some went to rejoice at the 
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opening, some to see the " bubble burst ;" and there were 
many prophets of evil who would not miss the blowing up 
of the boasted travelling engine. The opening was, how- 
ever, auspicious. The proceedings commenced at Brusselton 
Incline, about nine miles above Darlington, where the fixed 
engine drew a train of loaded waggons up the incline from 
the west, and lowered them on the east side. At the foot 
of the incline a locomotive was in readiness to receive them, 
Stephenson himself driving the engine. The train con- 
ftisted of six waggons loaded with coals and flour ; after 
these was the passenger-coach, filled with the directors and 
their friends, and then twenty-one waggons fitted up with 
temporary seats for passengers; and lastly came six 
waggon-loads of coals, making in all a train of thirty-eight 
vehicles. The local chronicler of the day almost went 
beside himself in describing the extraordinary event; — 
" The signal being given," he says, " the engine started off 
with this immense train of carriages; and such was its 
velocity, that in some parts the speed was frequently 12 
miles an hour ! " By the time it reached Stockton there 
were about 600 persons in the train or hanging on to the 
waggons, which must have gone at a safe and steady pace 
of from four to six miles an hour from Darlington. " The 
arrival at Stockton," it is added, *' excited a deep interest 
and admiration." 

The working of the line then commenced, and the results 
wore such as to surprise even the most sanguine of its pro- 
jectors. The traffic uj>on which they had formed their 
estimates of profit proved to be small in comparison with 
that which flowed in upon them which they had never 
dreamt of. Thus, what the company had principally relied 
upon for their receipts was the carriage of coals for land 
sale at the stations along the line, whereas the haulage of 
coals to the seaports for exportation to the London market 
was not contemplated as possible. When the bill was 
before Parliament, Mr. Lambton (afterwards Earl of 
Durham) succeeded in getting a clause inserted, limiting 
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the charge for the haulage of all coal to Stockton-on-Teea 
for the purpose of shipment to id. per ton per mile ; whereas 
a rate of 4d, per ton was allowed to be taken for all coals 
led upon the railway for land sale. Mr. Lambton's object 
in enforcing the low rate of id, was to protect his own 
trade in coal exported from Sunderland and the northern 
ports. He believed, in common with everybody else, that 
the id. rate would effectually secure him against competi- 
tion on the part of the Company ; for it was not considered 
possible to lead coals at that price, and the proprietors of 
the railway themselves considered that such a rate would 
be utterly ruinous. The projectors never contemplated 
sending more than 10,000 tons a year to Stockton, and 
those only for shipment as ballast ; they looked for their 
profits almost exclusively to the land sale. The result, 
however, was as surprising to them as it must have been 
to Mr. Lambton. The id. rate which was forced upon 
them, instead of being ruinous, proved the vital element in 
the success of the railway. In the course of a few years, 
the annual shipment of coal, led by the Stockton and Dar- 
lington Eailway to Stockton and Middlesborough, was more 
than 500,000 tons ; and it has since far exceeded this 
amount Instead of being, as anticipated, a subordinate 
branch of traffic, it proved, in fact, the main traffic, while 
the land sale was merely subsidiary. 

The anticipations of the company as to passenger traffic 
were in like manner more than realised. At first, passenr 
gers were not thought of ; and it was only while the works 
were in progress that the starting of a passenger coach was 
seriously contemplated. The number of persons travelling 
between the two towns was very small ; and it was not 
known whether these would risk their persons upon the 
iron road. It was determined, however, to make trial of a 
railway coach ; and Mr. Stephenson was authorised to have 
one built at Newcastle, at the cost of the company. This 
was done accordingly; and the first railway passenger 
carriage was built after our engineer's design. It was, how. 
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ever, a very modest, and indeed a eomewhat uncouth 
niacliine, more resembling the caravans still to be seen at 
country ftkira containing the "Giant and the Dwarf" and 
other wonders of the world, than a passenger-coach of any 
extant form. A row of seata ran along each side of the 
interior, and a long deal table was fixed in the centre ; the 
accees being by meana of a door at the back end, in the 
manner of an omnibus. This coach arrived from Newcastle 
the day before the opening, and formed part of the railway 
procession above described. Mr. Stephenson was consulted 
as to the name of the coach, and he at once go^eated " The 
Experiment " and by this name it was called. The Com- 
pany's arms were afterwards painted on her side, with the 
motto " Fericulum privatum utilitae publica." Such was 
the sole passenger-carrying stock of the Stockton and Dar- 
lington Company in the year 1825. But the " Experiment" 
proved the forerunner of a mighty traf&c : and long time 
did not elapse before it was displaced, not only by improved 



140 COACHING COMPANIES FORMED. Chap VIIL 

coachoa (still drawn by honses). but afterwards by lc»ng 
trains of passenger-carriages drawn by locomotive engines. 

" The Experiment " was fairly started as a passenger- 
coach on the 10th October, 1825, a fortnight after the open- 
ing of the line. It wsus drawn by one horse, and performed 
a journey daily each way between the two towns, accom- 
plishing the distance of twelve miles in about two hours. 
The fare charged was a shilling without distinction of class ; 
and each paasenger was allowed fourteen pounds of luggage 
free. "The Experiment" was not, however, worked by 
the company, but was let to contractors who worked it 
under an arrangement whereby toll was paid for the use of 
the line, rent of booking-cabins, &c. 

The speculation answered so well, that several private 
coaching companies were shortly after got up by innkeepers 
at DarHngton and Stockton, for the purpose of running 
other coaches upon the railroad ; and an active competition 
for passenger traffic sprang up. " The Experiment" being 
found too heavy for one horse to draw, besides being found 
an uncomfortable machine, was banished to the coal dis- 
trict. Its place was then supplied by other and better 
vehicles, — ^though they were no other than old stage-coach 
bodies purchased by the company, and each mounted upon 
an underframe with flange-wheels. These were let on hire 
to the coaching companies, who horsed and managed them 
under an arrangement as to tolls, in like manner as the 
•* Expeiiment " had been worked. Now began the distinc- 
tion of inside and outside passengers, equivalent to first and 
second class, paying different feres. The competition with 
each other upon the railway, and with the ordinary stage- 
coaches upon the road, soon brought up the speed, which 
was increased to ten miles an hour — ^the mail-coach rate of 
travelling in those days, and considered very fast. 

Mr. Clephan, a native of the district, has described some 
of the curious features of the competition between the rival 
coach companies : — "There were two separate coach compa- 
nies in Stocktt^n, and amusing collisions sometimes oocurrod 
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between the driTdra — ^who found on the luil a novel element 
tor contention. Coaches cannot pass each other on the rail 
as on the road ; and, as the line was single, with four sidings 
in the mile, when two coaches met, or two trains, or coach 
and train, the question arose which of the drivers must go 
back? This was not always settled in silence. As to 
trains, it came to be a sort of understanding that empty 
should give way to loaded waggons ; and as to trains and 
coaches, that the passengers should have preference over 
coals ; while coaches, when they met, must quarrel it out. 
At length, midway between sidings, a post was erected, 
and a rule was laid down that he who had passed the pillar 
must go on, and the ' coming man' go back. At the Goose 
Pool and Early Nook, it was common for these coaches to 
stop; and there, as Jonathan would say, passengers and 
coachmen 'liquored.' One coach, introduced by an inn- 
keeper, was a compound of two mouming-<x)aches, — an 
approximation to the real railway-coach, which still adheres, 
with multiplying exceptions, to the stage-coach type. One 
Dixon, who drove the 'Experiment' between Darlington 
and Shildon, is the inventor of carriage-lighting on the rail. 
On a dark vmiter night, having compassion on his passen- 
gers, he would buy a penny candle, and place it lighted 
amongst them on the table of the * Experiment ' — ^the first 
railway-coach (which, by the way, ended its days at Shildon 
as a railway cabin), being also the first coach on the rail 
(first, second, and third class jammed all into one) that 
indulged its customers with light in darkness." 

The traffic of all sorts increased so steadily and so rapidly 
that considerable difficulty was experienced in working it 
satisfactorily. It had been provided by the first Stockton 
and Darlington Act that the line should be free to all 
parties who chose to use it at certain prescribed rates, and 
that any person might put horses and waggons on the rail- 
way, and carry for himself. But this arrangement led to 
increasing confusion and difficulty, and could not continue 
in the face of a large and rapidly-increasing traffia The 
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goods trains got so long that the carriers found it neceeeary 
to call in the aid of the locomotive engine to help them on 
their "way. Then mixed trains of passengers and merchan- 
dise began to run ; and the reenlt was that the railway 
company found it neceseary to take the entire charge and 
■working of the traffic. In course of time new coaches 
were specially built for the better accommodation of the 
public, until at length r^pilar passenger-trains were run, 
drawn by the locomotive engine, — though this was not 
until after the Liverpool Mid Manchester Company had 
established this as a distinct branch of their traffic. 

The three Stephenson locomotives were from the first 
regularly employed to work the coal trains ; and their 
proved efficiency for this purpose led to the gradual increase 
of the locomotive power. The speed of the engines — slow 
though it seems now — was in those days regarded as some- 
thing marvellous. A race actually came off between >'a I. 
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engine, the "Locomotion," and one of tlie stage coadies 
travelling from Darlington to Stockton by the ordinary 
road ; and it was regarded as a great triumph of mechanical 
skill that the locomotive reached Stockton first, beating the 
sfcage-ooach by about a hundred yards I The same engine 
continued in good working order in the year 1846, when it 
headed the railway procession on the opening of the Mid* 
dlesborough and Kedcar Eailway, travelling at the rate of 
about fourteen miles an hour. This engine, the first that 
travelled upon the first public railway, has recently been 
placed upon a pedestal in front of the railway station at 
Darlington- 

For some years, however, the principal haulage of the line 
was performed by horses. The inclination of the gradients 
being towards the sea, this was perhaps the cheapest mode 
of traction, so long as the traffic was not very large. The 
horse drew the train along the level road, until, on reaching 
a descending gradient, down which the train ran by its own 
gravity, the animal was unharnessed, and, when loose, he 
wheeled round to the other end of the waggons, to which a 
*' dandy-cart " was attached, its bottom being only a few 
inches from the raiL Bringing his step into unison with 
the speed of the train, the horse learnt to leap nimbly into 
his plaxje in this waggon, which was usually fitted with a 
well-filled hay-rack. 

The details of the working were gradually perfected by 
experience, the projectors of the line being scarcely con- 
scious at first of the importance and significance of the 
work which they had taken in hand, and little thinking 
that they were laying the foundations of a system which 
was yet to revolutionise the internal communications of the 
world, and confer the greatest blessings on mankind. It is 
important to note that the commercial results of the enter- 
prise were considered satisfactory from the opening of the 
railway. Besides conferring a great public benefit upon 
the inhabitants of the district and throwing open entirely 
new markets for coal, the profits derived from the traffic 
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oreatod by the railway yielded increasing dividentls to those 
who had risked their capital in the undertaking, and thus 
held forth an encouragement to the projectors of railways 
generally, which was not withont an important effect in 
stimulating the projection of similar enterprises in other 
districts. These results, as displayed in the annual 
dividends, must have been eminently encouraging to the 
astute commercial men of Liverpool and Manchester, who 
were then engaged in the prosecution of their railway. 
Indeed, the commercial success of the Stockton and Dar- 
lington Company may be justly characterised as the turning- 
point of the railway system. 

Before leaving this subject, we cannot avoid alluding to 
one of its most remarkable and direct jesults — ^the creation 
of the town of Middlesborough-on-Tees. When the railway 
was opened in 1825, the site of this future metropolis of 
Cleveland was occupied by one solitary farmhouse and its 
outbuildings. All round was pasture-land or mud-banks ; 
scarcely another house was within sight. In 1829 some of 
the principal proprietors of the railway joined in the purchase 
of about 500 or 600 acres of land five miles below Stock- 
ton — the site of the modem Middlesborough — for the pur- 
pose of there forming a new seaport for the shipment of coals 
brought to the Tees by the railway. The line was accordingly 
extended thither ; docks were excavated ; a town sprang up ; 
churches, chapels, and schools were built, with a custom- 
house, mechanics' institute, banks, shipbuilding yards, and 
iron-factories. In ten years a busy population of some 
6000 persons (since increased to about 23,000) occupied the 
site of the original farmhouse.* More recently, the discovery 



* Middlesborough does not furnish 
the only instance of the extraor- 
dinary increase of population in 
certain localities, occasioned by rail- 
ways. Hartlepool, in the same 
neighbourhood, has in thirty years 
incieased from 1330 to above 15,000 ; 
and Stockton-on-Tees from 7763 to 



above 16,000. In 1831 Crewe was 
a little village with 295 inhabi- 
tants : it now numbers upwards of 
10,000. Bugby and Swindon have 
quadrupled meir population in the 
same time. The railway has been 
the making of Southampton, and 
added 30,000 to its formerly small 
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of -vast stores of ironstone in the Cleveland Hills, closely 
adjoining Middlesborotigh, has tended still more rapidly to 
augment the population and increase the commercial im- 
portance of the place. 

It is pleasing to relate, in connesioii with this great 
work— the Stockton and Darlington Railway, projected by 
Edward I'eaeo and executed by George Stephenson — that 
when Mr. Stephenson became a prosperous and a celebrated 
man, he did not forget the friend who had taken him by 
the hand, and helped him on in his early days. Ho con- 
tinued to remember Mr. Pease with gratitude and affection, 
and that gentleman, to the close of his life, was proud to 
exhibit a handsome gold watch, received as a gift from his 
celebrated protege, bearing these words ; — " Esteem and 
gratitude ; from George Stephenson to Edward Pease," 



Dumber of inhabitants. In like 
numner the railway has token 
London to the eea-xide, and in- 
eceaaed the population of Brighton 
from 40,000 to ncftriy 100,000. 
That of Folkestone haa ijeen trebled. 
New and populous euburbs have 
sprung up all round London. The 
population of St»Ltford-le-Bow anit 
West Ham was 11,580 in 1831 ; it 



is now nearly 40,000, Beigate baa 
been trebled in mm, and Rodliill 
has been created by tlie milway, 
Blackheatb, Fore«t Hill, Sydenham, 
New Cross, Wimbledon, and a 
ntunber of populous plaoes round 
London, may almost he said to have 
apmng into existeni^ since the 

^nsion of rail ways to them within 

last thirty years. 
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CHAPTEB IX. 

TUE LlYEBPOOL AND MANCHESTER BaILWAT PBOJEOTED. 

The rapid growth of the trade and manufactiires of South 
Lancashire gave rise, about the year 1821, to the project of 
a tramroad for the conveyance of goods between Liverpool 
and Manchester. Since the construction of the Bridge- 
water Canal by Brindley, some fifty years before, the 
increase in the business transacted between the two towns 
had become quite marvellous. The steam-engine, the 
spinning-jenny, and the canal, working together, had accu- 
mulated in one focus a vast aggregate of population, manu- 
factures, and trade. 

Such was the expansion of business caused by the inven- 
tions to which we have referred, that the navigation was 
found altogether inadequate to accommodate the traffic, 
which completely outgrew all the Canal Companies' 
appliances of wharves, boats, and horses. Cotton lay at 
Liverpool for weeks together, waiting to be removed ; and 
it occupied a longer time to transport the cargoes from 
Liverpool to Manchester than it had done to bring them 
across the Atlantic from the United States to England. 
Carts and waggons were tried, but proved altogether 
insufficient Sometimes manufacturing operations had to 
be suspended altogether, and during a frost, when the 
canals were frozen up, the communication was entirely 
stopped. The consequences were often disastrous, alike to 
operatives, merchants, and manufacturers. 

Expostulation with the Canal Companies was of no use. 
They were overcrowded with business at their own prices, 
and disposed to be very dictatorial. When the Duke first 
constructed his canal, he had to encounter the fierce opposi- 
tion of the Irwell and Mersey Navigation,- whose monopoly 
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bis new line of water conveyance threatened to Jiterfere 
with.* But the innovation of one generation often becomes the 
obstruction of the 'next. The Duke's agents would scarcely 
listen to the remonstrances of the Liverpool merchants and 
Manchester manufacturers, and the Bridgewater Canal was 
accordingly, in its turn, denounced as a monopoly. 

Under these circumstances, any new mode of transit 
between the two towns which offered a reasonable prospect 
of relief was certain to receive a cordial welcome. The 
scheme of a tramroad was, however, so new and compara- 
tively untried, that it is not surprising that the parties 
interested should have hesitated before committing them- 
selves to it. Mr. Sandars, a Liverpool merchant, was 
amongst the first to broach the subject. He had suffered 
in his business, in common with many others, from ths 
insufficiency of the existing modes of communication, and 
was ready to give consideration to any plan presenting 
elements of practical efficiency which proposed a remedy 
for the generally admitted grievance. Having caused 
inquiry to be made as to the success which had attended 
the haulage of heavy coal-trains by locomotive power on 
the northern railways, he was led to the opinion that the 
same means might be equally efficient in conducting the 
increasing traffic in merchandise between Liverpool and 
Manchester. He ventilated the subject amongst his 
friends, and about the beginning of 1821 a committee 
was formed for the purpose of bringing the scheme of a 
railroad before the public. 

The novel project having become noised abroad, attracted 
the attention of the friends of railways in other quarters. 
Tramroads 'were by no means new expedients for the 
transit of heavy articles. The Croydon and Wandsworth 
Railway, laid down by William Jessop as early as the year 
1 801 , had been regularly used for the conveyance of lima 
and stone in waggons hauled by mules or donkeys from 
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Merstham to London. The sight of this humble railroad! 
in 1813 led Sir Bichard Phillips in his ' Mommg Walk: to 
Kew ' to anticipate the great advantages which would. l>e 
derived by the nation from the general adoption of Blen- 
kinsop's engine for the conveyance of mails and passengers 
at ten or even fifteen miles an hour. In the same year we 
find Mr. Lovell Edgworth, who had for fifty years been 
advocating the superiority of tram or rail roads o^ er oonunon 
roads, writing to James Watt (7th August, 1813) : "I have 
always thought that steam would become the universal 
lord, and that we should in time scorn post-horses ; an iron 
railroad would be a cheaper thing than a road upon the 
common construction." 

Thomas Gray, of Nottingham, was another speculator on 
the same subject. Though he was no mechanic nor in- 
ventor, he had an enthusiastic belief in the powers of the 
railroad system. Being a native of Leeds, he had, when a 
boy, seen BlenMnsop's locomotive at work on the Middle- 
ton cogged railroad, and from an early period he seems to 
have entertained almost as sanguine views on the subject 
as Sir Richard Phillips. It would appear that Gray was 
residing in Brussels in 1816, when the project of a canal 
from Charleroi, for the purpose of connecting Holland with 
the mining districts of Belgium, was the subject of discus- 
sion; and, in conversation with Mr. John Cockerill and 
others, he tpok the opportunity of advocating the superior 
advantages of a railway. He was absorbed for some time 
with the preparation of a pamphlet on the subject. He 
shut himself up, secluded from his wife and relations, de- 
clining to give them any information as to his mysterioufl 
studies, beyond the assurance that his scheme "would 
revolutionise the whole face of the material world and of 
society." In 1820 Mr. Gray published the result of his 
studies in his * Observations on a General Iron Railway/ 
in which, with great cogency, he urged the superiority of 
a locomotive railway over common roads and canals, point- 
ing out, at the same time, the advantages to all classes of 
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the oommunity of this mode of conveyance for mercliandise 
and persons. In this book Mr. Gray suggested a railway 
between Manchester and Liverpool, " which," he observed, 
" would employ many thousands of the distressed population 
of Lancashire." The treatise must have met with a ready 
sale, as we find that two years later it had passed into a 
fourth edition. In 1822 Mr. Gray added diagrams to the 
book, showing, in one, suggested lines of railway connect- 
ing the principal towns of England, and in another, the 
principal towns of Ireland. 

These speculations show that the subject of railways was 
gradually becoming fiimiliar to the public mind, and that 
thoughtful men were anticipating with confidence the 
adoption of steam-power for the purposes of railway trac- 
tion. At the same time, a still more profitable, class of 
labourers was at work — first, men like Stephenson, who 
were engaged in improving the locomotive and making it a 
practicable and economical working power ; and next, those 
like Edward Pease of Darlington, and Joseph Sandars of 
Liverpool, who were organising the means of laying down 
the railways. Mr. William James, of West Bromwich, 
belonged to the active class of projectors. He was a man 
of considerable social influence, of an active temperament, 
and had from an early period takeA a warm interest in the 
formation of tramroads. Acting as land-agent for gentlemen 
of property in the mining districts, he had laid down 
several tramroads in the neighbourhood of Birmingham, 
Gloucester, and Bristol ; and he published many pamphlets 
urging their formation in other places. At one period of 
his life he was a large iron-manufacturer. The times, how- 
ever, went against him. It was thought he was too bold, 
some considered him even reckless, in his speculations ; and 
he lost almost his entire fortune. He continued to follow 
the business of a land-agent, and it was while engaged in 
making a survey for one of his clients in the neighbour- 
hood of Liverpool early in 1821, that he first heard of the 
project of a railway between that town and Manchester. 
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He at once called upon Mr. Sandare, and offered his Bervices 
as surveyor of the proposed line, and his offer was ac- 
cepted. 

A trial survey ■waa then begun, but it was conducted 
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with great difficulty, the inhabitante of the district entBt- 
taining the most violent prejudices gainst the scheme. In 
some pittces Mr. James and his surveying party oven en- 
countered personal violence. The farmers stationed men at 
the field-gates with pitchforks, and sometimes with guns, 
to drive thera back. At St. Helen's, one of the chainmen 
was laid hold of by a mob of colliers, and threatened to be 
hurled down a coal-pit, A number of men, women, and 
children, collected and ran after the surveyors wherever 
they made their appearance, bawling nicknames and throw- 
ing stones at them. As one of the chainmen was climbing 
over a gate one day, a labourer made at him with a piteh- 
fork, and ran it through his clothes into his back ; other 
watehers running up, the chainman, who was more stnnned 
than hurt, took to his heels and fled, Knt that mysterions- 
looldng instrument — the. theodolite — most excited the fury 
of the natives, who concentrated on the man who carri^ 
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it their fiercest execrations and most ofFenaive nick- 

A powerfiil fellow, a noted bruiser, was hired by tlie 
surveyors to cany the inHtrument, with a view to its pro- 
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tection against all aesailajita; but one day an equally 
powerful fellow, a St. Helen's collier, cock of the walk in 
his neighbourhood, made up to the theodolite bearer to 
wrest it from him by sheer force, A battle took place, the 
collier was soundly pummelled, but the natives poured in 
volleys of stones upon the surveyors and their inatrumente, 
and the theodolite was smashed to pieces. 

An outline-survey having at length been made, notices 
were published of an intended application to Parliament. 
In the mean time Mr. James proceeded to Killingworth to 
see Stephenson's locomotives at work. Stephenson was not 
at home at the time, but James saw his engines, and was 
very much struck by their power and efBciency. He saw 
at a glance the magnificent uses to which the locomotive 
might bo applied. "Here," said he, "is an engine that 
will, before long, effect a complete revolution in society." 
Betuming to Moreton-in-the-Marsh, he wrote to Mr. Losh 
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(Stephenson's pailner in the patent) expressing his admira- 
tion of the Killiugworth engine. "It is," said he, "the 
greatest wonder of the age, and the forerunner, as I firmly 
believe, of the most important changes in the internal 
communications of the kingdom." Shortly after, Mr. 
James, accompanied by his two sons, made a second jour- 
ney to Killingworth, where he met both Losh and 
Stephenson. The visitors were at once taken to whsre 
the locomotive was working, and invited to mount it. 
The uncouth and extraordinary appearance of the machine, 
as it came snorting along, was somewhat alarming to the 
youths, who expressed their fears lest it should burst ; and 
they were with some difficulty induced to mount. 

The engine went through its usual performances, drag- 
ging a heavy load of coal-waggons at about six miles an 
hour, with apparent ease, at which Mr. James expressed 
his extreme satisfaction, and declared to Mr. Losh his 
opinion that Stephenson " was the greatest practical genius 
of the age," and that, " if he developed the full powers ol 
that engine (the locomotive), his fame in the world would 
rank equal with that of Watt" Mr. James informed Ste- 
phenson and Losh of his survey of the proposed tramroad 
between Liverpool and Manchester, and did not hesitate to 
state that he would thenceforward advocate the construc- 
tion of a locomotive railroad instead of the tramroad which 
had originally been proposed. 

Stephenson and Losh were naturally desirous of enlisting 
James's good services on behalf of their patent locomotive, 
for as yet it had proved comparatively unproductive. They 
believed that he might be able so to advocate it in in- 
fluential quarters as to ensure its more extensive adoption, 
and with this object they proposed to give him an interest 
in the patent. Accordingly they assigned him one-fourth 
of any profits which might be derived from the use of the 
patent locomotive on any railways constructed south of a 
line drawn across England from Liverpool to Hull. The 
arrangement, however, led to no beneficial results. Mr. 
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James endeavoured to introduce the engine on the Moreton- 
on-Marsh Railway ; but it was opposed by the engineer oi 
the line, and the attempt failed. iJe next urged that a 
locomotive should be sent for trial upon the Merstham 
tramroad ; but, anxious though Stephenson was respecting 
its extended employment, he was too cautious to risk an 
cxjperiment which might only bring discredit upon the 
engine ; and the Merstham road being only laid with cast- 
iron plates, which would not bear its weight, the invitation 
was declined. 

It turned out that the first survey of the Liverpool and 
Manchester line was very imperfect, and it was determined 
to have a second and more complete one made in the fol- 
lowing year. Robert Stephenson was sent over by his 
Either to Liverpool to assist in this survey. He was present 
with Mr. James on the occasion on which he tried to lay 
out the line across Chat Moss, — a proceeding which was not 
only difficult but dangerous. The Moss was very wet at 
the time, and only its edges could be ventured on. Mr. 
James was a heavy, thick-set man; and one day, when 
endeavouring to obtain a stand for his theodolite, he felt 
himself suddenly sinking. He immediately threw himself 
down, and rolled over and over until he reached firm ground 
again, in a sad mess. Other attempts which he subse- 
quently made to enter upon the Moss for the same purpose, 
were abandoned for the same reason — ^the want of a solid 
stand for the theodolite. 

On the 4th October, 1 822, we find Mr. James writing to 
Mr. Saudars, *' I came last night to send my aid, Robert 
Stephenson, to his fiither, and to-morrow I shall pay off 
Evans and Hamilton, two other assistants. I have now 
only Messrs. Padley and Clarke to finish the copy of plaiis 
for Parliament, which will be done in about a week or nine 
days' time." It would appear however, that, notwithstand- 
ing all his exertions, Mr. James was unable to complete his 
plans and estimates in time for the ensuing Session ; and 
another year was thus lost. The Railroad Committee 
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became impatient at the delay. Mr. James's fina,ncia] 
embarrassments reached their climax ; and, what with 
illness and debt, he was no longer in a position to fulfil his 
promises to the Committee. They were, therefore, under 
the necessity of calling to their aid some other engineer. 

Mr. Sandars had by this time visited George Stephenson 
at KiUingworth, and, like all who came within reach of his 
personal influence, was charmed with him at first sight. 
The energy which he had displayed in earring on the works 
of the Stockton and Darlington Kail way, now approaching 
completion ; his readiness to face difficulties, and his prac- 
tical ability in overcoming them; the enthusiasm which 
he displayed on tlie subject of railways and railway loco- 
motion, — concurred in satisfying Mr. Sandars that he was, 
of all men, the best calculated to help forward the Liver- 
pool undertaking at this juncture. On his return he stated 
this Opinion to the Committee, who approved his recom- 
mendation, and George Stephenson was unanimously ap- 
pointed engineer of the projected railway. 

It will be observed that Mr. Sandars had held to his 
(original purpose with great determination and perseverance, 
and he gradually succeeded in enlisting on his side an 
increasing number of influential merchants and manufac- 
turers both at Liverpool and Manchester. Early in 1824 
he published a pamphlet, in which he strongly urged the 
great losses and inteiTuptions to the trade of the district by 
the delays in the forwarding of merchandise ; and in the 
same year he had a Public Declaration drawn up, and 
signed by upwards of 150 of the principal merchants of 
Liverpool, setting forth that they considered " the preisent 
establishments for the transport of goods quite inadequate, 
and that a new line of conveyance has become absolutely 
necessary to conduct the increasing trade of the country 
with speed, certainty, and economy." 

A public meeting was then held to consider the best plan 
to be adopted, and resolutions were passed in feivour of a 
railroad. A committee was appointed to take the necessary 
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measnreB ; but, as if reluctant to enter upon their arduous 
struggle with the " vested inteiests," they first waited on 
Mr. Bradshaw, the Duke of Bridgewater's canal agent, in 
the hox>e of persuading him to increase the means of con- 
veyance, as well as to reduce the charges ; but they were 
met by an unqualified refusal. They suggested the expe- 
diency of a railway, and invited Mr. Bradshaw to become 
a proprietor of shares in it. But his reply was — " All oi 
none ! " The canal proprietors, confident in their imagined 
security, ridiculed the proposed railway as a chimera. It 
had been spoken about years before, and nothing had come 
of it then : it would be the same now. 

In order to form a better opinion as to the practicability 
of the railroad, a deputation of gentlemen interested in the 
project proceeded to KiUingworth, to inspect the engines 
which had been so long in use there. They first went to 
Darlington, where they found the works of the Stockton 
line in progress, though still unfinished. Proceeding next 
to KiUingworth with Mr. Stephenson, they there witnessed 
the performances of his locomotive engines. The result of 
their visit was, on the whole, so satisfactory, that on their 
report being delivered to the committee at Liverpool, it 
was finally determined to form a company of proprietors for 
the construction of a double line of railway between Liver- 
pool and Manchester. 

The first prospectus of the scheme was dated the 29th 
October, 1824, and had attached to it the names of the 
leading merchants of Liverpool and Manchester. It was a 
modest document, very unlike the inflated balloons which 
were sent up by railway speculators in succeeding years. 
It set forth as its main object the establishment of a safe 
and cheap mode of transit for merchandise, by which the 
conveyance of goods between the two towns would be 
effected in 6 or 6 hours (instead of 36 hours by the canal), 
whilst the charges would be reduced one-third. On looking 
at the prospectus now, it is curious to note that, while the 
advantages anticipated from the carriage of merchandise 
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were strongly insisted upon, the oonveyanoe of passengars 
— which proved to be the chief source of profit — was onlj 
very cautiously referred to. " As a cheap and expeditious 
means of conveyance for travellers," says the prospectus in 
conclusion, '*the railway holds out the fair prospect of a 
]uiblic accommodation, the magnitude and importance of 
which cannot be immediately ascertained." The estimated 
expense of forming the line was set down at 400,000^., — 
a sum which was eventually found quite inadequate. 
The subscription list when opened waa filled up without 
difficulty. 

While the project was still under discussion, its pro- 
moters, desirous of removing the doubts which existed as to 
the employment of steam power on the proposed railway, 
sent a second deputation to Killingworth for the purpose 
of again observing the action of Stephenson's engines. 
The cautious projectors of the railway were not yet quite 
satisfied ; and a third journey was made to Killingworth, 
in January, 1825, by several gentlemen of the committee, 
accompanied by practical engineers, for the purpose of 
being personal eye-witnesses of what steam-carriages were 
able to perform upon a railway. There they saw a train, 
consisting of a locomotive and loaded waggons, weighing in 
all 54 tons, travelling at the average rate of about 7 miles 
an hour, the greatest speed being about 9^ miles an hour. 
But when the engine was run with only one waggon at- 
tached containing twenty gentlemen, five of whom were 
engineers, the speed attained was from 10 to 12 miles an 
hour. 

In the mean time the survey was proceeded with, in the 
face of great opposition from the proprietors of the lands 
through which the railway was intended to pass. The 
prejudices of the farming and labouring classes were 
strongly excited against the persons employed upon the 
ground, and it was with the greatest difficulty tiiat the 
levels could be taken. At one place, Stephenson was driven 
off the ground by the keepers, and threatened to be ducked 
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in Lhe pond if found there again. The fanners also turned 
out their men to watch the surveying party, and prevent 
them entering upon any lands where they had the power 
of driving them off. 

One of the proprietors declared that he would order his 
game-keepers to shoot or apprehend any persons attempting 
a survey over his property. But one moonlight night a 
survey was obtained by the following ruse. Some men, 
under the orders of the surveying party, were set to fire off 
guns in a particular quarter ; on which all the gamekeepers 
on the watch made off in that dii-ection, and they were 
drawn away to such a distance in pursuit of the supposed 
poachers, as to enable a rapid survey to be made during 
their absence. 

When the canal companies found that the Liverpool 
merchants were determined to proceed with their scheme — 
that they had completed their survey, and were ready to 
apply to Parliament for an Act to enable them to form the 
railway — ^they at last reluctantly, and with a bad grace, 
made overtures of conciliation. They promised to employ 
steam-vessels both on the Mersey and on the Canal. One 
of the companies offered to reduce its length by three miles, 
at a considerable outlay. At the same time they made a 
snow of lowering their rates. But it was too late ; for the 
project of the railway had now gone so for that the pro- 
mot-ers (who might have been conciliated by such overtm-es 
at an earlier period) felt they were fully committed to it, 
and that now they could not well draw back. Besides, the 
remedies offered by the canal companies could only have 
had the effect of staving off the difficulty for a brief season, 
— ^the absolute necessity of forming a new line of communi- 
cation between Liverpool and Manchester becoming more 
urgent from year to year. Arrangements were therefore 
made for proceeding with the bill in the parliamentary' 
session of 1825. 

On this becoming known, the canal c ^mpanies prepared 
to resist the measure tooth and nail The public were 
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appealed to on the subject; pamphlets were written and 
newspapers were hired to revile the 'railway. It was de- 
clared that its formation would prevent cows grazing and 
hens laying. The poisoned air fix)m the locomotives would 
kill birds as they flew over them, and render the preserva- 
tion of pheasants and foxes no longer possible. Hou&3- 
holders adjoining the projected line were told that their 
houses would be burnt up by the fire thrown from tlie 
engine-chimneys ; while the air around would be polluttjd 
by clouds of smoke. There would no longer be any use for 
horses ; and if railways extended, the species would become 
extinguished, and oats and hay be rendered unsaleable com- 
modities. Travelling by rail would be highly dangerous, 
and country inns would be ruined. Boilers would buist 
and blow passengers to atoms. But there was always this 
consolation to wind up with — that the weight of the 
locomotive would completely prevent its moving, and that 
railways, even if made, could never be worked by steam- 
power. 

Indeed, when Mr. Stephenson, at the interviews with 
counsel, held previous to the Liverpool and Manchester bill 
going into Committee of the House of Commons, confidently 
stated his expectation of being able to impel his locomotive 
at the rate of 20 miles an hour, Mr. William Brougham, 
who was retained by the promoters to conduct their cate, 
frankly told him that if he did not moderate his views, and 
bring his engine within a reasonable speed, he would " in- 
evitably damn the whole thing, and be himself regarded as 
a maniac fit only for Bedlam." 

The idea thrown out by Stephenson, of travelling at a 
i%Ui of speed double that of the fastest mail-coach, appeared 
at the time so preposterous that he was unable to find any 
engineer who would risk his reputation in supporting such 
" absurd views.'' Speaking of his isolation at the time, he 
subsequently observed, at a public meeting of railway men 
in Manchester: "He remembered the timb when he had 
very few supporters in bringing out the railway system — 
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when he sought England over fo; an engineer to support 
him in his evidence before Parliament, and oould find only 
one man, James Walker, bat was afraid to call that gentle- 
man, because he knew nothing about railways. He had 
then no one to tell his tale to but Mr. Sandars, cf Liver- 
pool, who did listen to him, and kept his spirits up ; and 
his schemes had at length been carried out only by dint of 
sheer perseverance." 

George Stephenson's idea was at that time regarded as 
but the dream of a chimerical projector. It stood before 
the public friendless, struggling hard to gain a footing, 
scarcely daring to lift itself into notice for fear of ridicule. 
The civil engineei-s generally rejected the notion of a Loco- 
motive Eailway ; and when no leading man of the day 
could be found to stand forward in support of the Killing- 
worth mechanic, its chances of success must indeed have 
been pronounced but small. 

When such was the hostility of the civil engineers, no 
wonder the reviewers were puzzled. The ' Quarterly,* in 
an able article in support of the projected Liverpool and 
Manchester Eailway, — ^while admitting its ahsolvie necessity^ 
and insisting that there was no choice left but a railroad, 
on which the journey between Livei-pool and Manchester, 
whether performed by horses or engines, would always be 
€U3Complished " within the day," — nevertheless scouted the 
idea of travelling at a greater speed than eight or nine 
miles an hour. Adverting to a project for forming a rail- 
way to Woolwich, by which passengers were to be drawn 
by locomotive engines, moving with twice the velocity of 
ordinary coaches, the reviewer observed: — "What can be 
more palpably absurd and ridiculous than the prospect 
held out of locomotives travelling twice as fast as stage- 
coaches I We would as soon expect the people of Woolwich 
to suffer themselves to be fired oif upon one of (^ongreve's 
ricochet rockets, as trust themselves to the mercy of such a 
machine going at such a rate. We will back old Father 
Thames .'igainst the Woolwich Eailway for any sum. We 
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tniBl that PailiaDient will, in all railways it may sanction, 
limit the speed to eight or nine miles an hour, which we 
entirely agree with Mr. Sylvester is as great as can be ven- 
tured on with safety.^' 

At length the survey was completrni, the plans wore 
deposited, the requisite preliminary arrangements were 
made, and the promoters of the scheme applied to Parlia- 
ment for the necessary powers to construct the railway 
The Bill went into Committee of the Commons on the 21st 
of March, 1825. There was an extraordinary array of 
legal talent on the occasion, but especially on the side of the 
opponents to the measure; their counsel including Mr. 
(afterwards Baron) Alderson, Mr. (afterwards Baron) Parke, 
Mr. Harrison, and Mr. Erie. The counsel for the bill were 
Mr. Adam, Mr. Serjeant Spankie, Mr. William Brougham, 
and Mr. Joy. 

Evidence was taken at great length as to the difficulties 
and delays in forwarding raw material of all kinds from 
Liverpool to Manchester, as also in the conveyance of 
manufactured goods jfrom Manchester to Liverpool. The 
evidence adduced in support of the bill on these grounds 
was overwhelming. The utter inadequacy of the existing 
modes of conveyance to carry on satisfactorily the large 
and rapidly-growing trade between the two towns was 
fully proved. But then came the gist of the promoter's 
case — the evidence to prove the practicability of a railroad 
to be worked by locomotive power. Mr. Adam, in his 
opening speech, referred to the cases of the Hetton and the 
Killingworth railroads, where heavy goods were safely and 
economically transported by means of locomotive engines. 
** None of the tremendous consequences," he observed, " have 
ensued from the use of steam in land carriage that have 
been stated. The horses have not started, nor the cows 
ceased to give their milk, nor have ladies miscarried at the 
sight of these things going forward at the rate of four miles 
and a half an hour." Notwithstanding the petition oi 
two ladies alleging the great danger to be appiehended 
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from tlie btu'sting of the locomotive bo.ilers, he urged the 
safety of the high-pressure engine when the boileis were 
constructed of wrought-iron ; and as to the rate at which 
they could travel, he expressed his full conviction that such 
engines " could supply force to drive a carriage at the rate 
of five or six miles an hour." 

The taking of the evidence as to the impediments thrown 
in the way of trade and commerce by the existing system 
extended over a month, and it was the 21st of April befoi-e 
the Committee went into the engineering evidence, which 
was the vital part of the question. 

On the 26th George Stephenson was called into the 
witness-box. It was his first appearance before a Committee 
of the House of Commons, and he well knew what he had 
to expect. He was aware that the whole force of the oppo- 
sition was to be directed against him ; and if they could break 
down his evidence, the canal monopoly might yet be upheld 
for a time. Many years afterwards, when looking back at his 
position on this trying occasion, he said ; — " When I went 
to Liverpool to plan a line from thence to Manchester, I 
pledged myself to the directors to attain a speed of 10 miles 
an hour. I said I had no doubt the locomotive might be 
made to go much fiister, but that we had better be moderate 
at the beginning. The directors said I was quite right ; for 
that ifi when they went to Parliament, I talked of going at 
a greater rate than 10 miles an hourf I should put' a cross 
upon the concern. It was not an easy task for me to keep 
the engine down to 10 miles an hour, but it must be done, 
and I did my best. I had to place myself in that most 
unpleasant of all positions — ^the witness-box of a Parlia- 
mentary Committee. I was not long in it, before I began 
to wish for a hole to* creep out at ! I could not find words 
to satisfy either the Committee or myself. I was subjected 
to the cross-examination of eight or ten barristers, purposely, 
as far as possible, to bewilder me. Some member of the 
Committee asked if I was a foreigner, and another hinted 
that I was mad. But I put up with every rebuff, and 

y. M 
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went on with my plans, determined not to be put 
down." 

Mr. Steplienson stood before the Committee to prove 
what the public opinion of that day held to be impossible. 
The self-taught mechanic had to demonstrate the practi- 
cability of accomplishing that which the most distingTiished 
engineers of the time regarded as impracticable. Clear 
though the subject was to himselfi and familiar as he was 
with the powers of the locomotive, it was no easy task for 
him to bring home his convictions, or even to convey his 
meaning, to the less informed minds of his hearers. In his 
strong Northumbrian dialect, he struggled for utterance, in 
the face of the sneers, interruptions, and ridicule of the 
opponents of the measure, and even of the Committee, some 
of whom shook their heads and whispered doubts as to his 
sanity, when he energetically avowed that he could make 
the locomotive go at the rate of 12 miles an hour I It was 
so grossly in the teeth of all the experience of honourable 
members, that the man " must certainly be labouring under 
a delusion ! " 

And yet his large experience of railways and locomotives, 
as described by himself to the Committee, entitled this 
"untaught, inarticulate genius," as he has so well been 
styled, to speak with confidence on such a subject. Begin- 
ning with his experience as a brakesman at Killingworth 
in lb03, he went on to state that he was appointed to take 
the entire charge of the steam-engines in 1813, and had 
superintended the railroads connected with the numerous 
collieries of the Grand Allies from that time downwards. 
He had laid down or superintended the railways at Bur- 
radon, Mount Moor, Springwell, Bedliugton, Hetton, and 
Darlington, besides improving those at Killingworth, South 
Moor, and Derwent Crook. He had constructed fifty-five 
steam-engines, of which sixteen were locomotives. Some 
of these had been sent to France. The engines constructed 
by him for the working of the Killingworth Eailroad, 
eleven years before, had continued steadily at work ever 
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since, and fulfilled his most sanguine expectations. He 
was prepared to prove the safety of working high-pressure 
locomotives on a railroad, and the superiority of this mode 
of transporting g^oods over all others. As to speed, he said 
he had recommended 8 miles an hour with 20 tons, and 4 
miles an hour with 40 tons ; but he was quite confident 
that much more might be done. Indeed, he had no doubt 
they might go at the rate of 12 miles. As to the charge 
that locomotives on a railroad would so terrify the horses 
in the neighbourhood, that to travel on horseback or to 
plough the adjoining fields would be rendered highly dan- 
gerous, the witness said that horses learnt to take no notice 
of them, though there were horses that would shy at a 
wheelbarrow. A mail-coach was likely to be more shied at 
by horses than a locomotive. In the neighbourhood of 
Killingworth, the cattle in the fields went on grazing while 
the engines passed them, and the farmers made no complaints. 
Mr. Alderson, who had carefully studied the subject, and 
was well skilled in practical science, subjected the witness 
to a protracted and severe cross-examination as to the speed 
and power of the locomotive, the stroke of the piston, the 
slipping of the wheels upon the rails, and various other 
points of detail. Mr. Stephenson insisted that no slipping 
took place, as attempted to be extorted from him by the 
counsel. He said, " It is impossible for slipping to take 
place so long as the adhesive weight of the wheel upon the 
rail is greater than the weight to be dragged after it." As 
to accidents, Stephenson said he knew of none that had 
occurred with his engines. There had been one, he was 
told, at the Middleton Colliery, near Leeds, with a Blen- 
kinsop engine. The driver had been in liquor, and put a 
considerable load on the safety-valve, so that upon going 
forward the engine blew up and the man was killed. But 
he added, if proper precautions had been used with that 
boiler, the accident could not have happened. The fol] ow- 
ing cross-exa^nination occurred in reference to the question 
of speed : — 

M 2 
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•'Of course," lie was asked, "when a body is moving 
upon a road, the greater the velocity the greater the mo- 
inontTim that is generated ? " " Certainly." — '* What would 
be the momentum of 40 tons moving at the rate of 12 miles 
an hour ? " *' It would be very great." — " Have you seen a 
railroad that would stand that?" "Yes."— "Where?" 
" Any railroad that would bear going 4 miles an hour : I 
mean to say, that if it would bear the weight at 4 miles 
an hour, it would bear it at 12." — " Taking it at 4 miles an 
hour, do you mean to say that it would not require a 
stronger railway to carry the same weight 12 miles an 
hour ? " " I will give an answer to that. I dare say every 
person has been over ice when skating, or seen persons go 
over, and they know that it would bear them better at a 
greater velocity than it would if they went slower; when 
they go quick, the weight in a measure ceases." — " Is not 
that upon the hypothesis that the railroad is perfect ? " " It 
is ; and I mean to make it perfect." 

It is not necessary to state that to have passed the ordeal 
of so severe a cross-examination scatheless, needed no smaU 
amount of courage, intelligence, and ready shrewdness on 
the part of the witness. ^Nicholas Wood, who was present 
on the occasion, has since stated that the point on which 
Stephenson was hardest pressed was that of speed. " I 
believe," he says, " that it would have lost the Company 
their bill if he had gone beyond 8 or 9 miles an hour. If 
he had stated his intention of going 1 2 or 15 miles an hour, 
not a single person would have believed it to be practi- 
cable." 

The Committee also seem to have entertained considerable 
alarm as to the high rate of speed which had been spoken 
of, and proceeded to examine the witness further on the 
subject. They supposed the case of the engine being upset 
when going at 9 miles an hour, and asked what, in such a 
case, would become of the cargo astern. To which the 
witness replied that it would not be upset. One of the 
members of the Committee pressed the witness a little 
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further. He put the following case ; — " Suppose, now, one 
of these engines to be going along a railroad at the rate of 

. 9 or 10 miles an hour, and that a cow were to stray upon 
the line and get in the way of the engine ; would not that, 
think you, be a very awkward circumstance?" "Yes,*' 

* replied the witness, with a twinkle in his eye, " very awk- 
ward — for the cooV^ The honourable member did not 
proceed further with his cross-examination ; to use a rail- 
way- phrase, he was " shunted." Another asked if animals 
would not be very much frightened by the engine passing 
them, especially by the glare of the red-hot chimney? 
*' But how would iJiey know that it wasn't painted ? " said 
the witness. 

On the following day, the engineer waa subjected to a 
very severe examination. On that part of the scheme with 
which he was most practically conversant, his evidence was 
clear and conclusive. Now, he had to give evidence on the 
plans made by his surveyors, and the estimates which had 
been founded on such plans. So long as he was confined 
to locomotive engines and iron railroads, with the minutest 
details of which he was more familiar than any man living, 
he felt at home, and in his element. But when the designs 
of bridges and the cost of constructing them had to be gone 
into, the subject being in a great measure new to him, his 
evidence was much less satisfactory. 

Mr* Alderson cross-examined him at great length on the 
plans of the bridges, the tunnels, the crossings of the road^ 
and streets, and the details of the survey, which, it soon 
clearly appeared, were in some respects seriously at fault. 
It seems that, after the plans had been deposited, Stephen- 
son found that a much more favourable line might be made ; 
and he made his estimaties accordingly, supposing that Par- 
liament would not confine the Company to the precise plan 
which had been deposited. This was felt to be a serious 
blot in the parliamentary case, and one very difficult to be 
got over. 
For three entire days was our engineer subjected to 
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this cross-examination. He held his ground bravely, and 
defended the plans and estimates with remai'kable ability 
and skill ; but it was clear they were imperfect, and the 
result was on the whole damaging to the measure. 

The case of the opponents was next gone into, in the 
course of which the counsel indulged in strong vituperation 
against the witnesses for the bill. One of them spoke of 
the utter impossiblity of making a railway upon so treach- 
erous a material as Chat Moss, which was declared to be an 
immense mass of pulp, and nothing else. "It actually," 
said Mr. Harrison, " rises in height, from the rain swelling 
it like a sponge, and sinks again in dry weather ; and if a 
boring instrument is put into it, it sinks immediately by 
its own weight. The making of an embankment out of 
this pulpy, wet moss, is no very easy task. Who but Mr. 
Stephenson would have thought of entering into Chat Moss, 
carrying it out almost like wet dung? It is ignorance 
almost inconceivable. It is perfect madness, in a person 
called upon to speak on a scientific subject, to propose such 

a plan Every part of this scheme shows that this 

man has applied himself to a subject of which he has no 
knowledge, and to which he has no science to apply." Then 
adverting to the proposal to work the intended li^e by 
means of locomotives, the learned gentleman proceeded: 
" When we set out with the originaL prospectus, we were 
to gallop, I know not at what rate ; I believe it was at the 
rate of 12 miles an hour. My learned friend, Mr. Adam, 
contemplated — ^possibly alluding to Ireland — ^that some of 
the Irish members would arrive in the waggons to a divi- 
sion. My learned friend says that they would go at the 
rate of 12 miles an hour with the aid of the devil in the 
form of a locomotive, sitting as postilion on the fore horse, 
and an honourable member sitting behind him to stir up 
the fire, and keep it at full speed. But the speed at which 
these locomotive engines are to go has slackened : Mr. Adam 
does not go faster now than 5 miles an hour. The learned 
Serjeant (Spankie) says he should like to have 7, but he 
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would be content to go 6. I will show he cannot go 6 ; 
and probably, for any practical purposes, I may be able to 
show that I can keep np with him by the canal Loco- 
motive icngines are liable to be operated upon by the wea- 
ther. You are told they are affected by rain, and an attempt 
has been made to cover them; but the wind will affect 
them.; and any gale of wind which would affect the traffic 
on the Mersey would render it impossible to set off a loco- 
motive engine, either by poking of the fire, or keeping up 
the pressure of the steam till the boiler was ready to burst." 
How amusing it now is to read these extraordinary views 
as to the formation of a railway over Chat Moss, and the 
impossibility of starting a locomotive engine in the face of 
a gale of wind ! 

Evidence was called to show that the house property 
passed by the proposed railway would be greatly deterio- 
rated — in some places almost destroyed ; that the locomo- 
tive engines would be terrible nuisances, in consequence of 
the fire and smoke vomited forth by them ; and that the 
value of land in the neighbourhood of Manchester alone 
would be deteriorated by no less than 20,000Z. ! Evidence 
was also given at gi*eat length showing the utter impos- 
sibility of forming a road of any kind upon Chat Moss. A 
Manchester builder, who was examined, could not imagine 
the feat possible, unless by arching it across in the manner 
of a viaduct from one side to the other. It was the old 
story of " nothing like leather." But the opposition mainly 
relied upon the evidence of the leading engineers — not, 
like Stephenson, self-taught men, but regular profes- 
sionals. One of these, Mr. Francis Giles, C.E., had been 
twenty-two years an engineer, and could speak with some 
authority. His testimony was mainly directed to the utter 
impossibility of forming a railway over Chat Moss. " No 
engineer in his senses ," said he, " would go through Chat 
Moss if he wanted to make a railroad from Liverpool to 

Manchester. In my judgment a railroad certainly 

cannot be safely made over Chat Moss udthotU going to the bottom 
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of (he Mos8, The soil ought all to be taken out, undoubt- 
edly ; in doing which, it will not be practicable to approach 
each end of the cutting, as you make it, with the carriages. 
No carriages would stand upon the Moss short of the 
bottom. My estimate for the whole cutting and embank- 
ment over Chat Moss is 270,000Z. nearly, at those quantities 

and those prices which are decidedly correct 

It will be necessary to take this Moss completely out at the 
bottom, in order to make a solid road." 

When the engineers had given their evidence, Mr. 
Alderson summed up in a speech which extended over two 
days. He declared Mr. Stephenson's plan to be " the most 
absurd scheme that ever entered into the head of man to 
conceive. My learned friends," said he, "almost endea- 
voured to stop my examination ; they wished me to put in 
the plan, but I had rather have the exhibition of Mr. Ste- 
phenson in that box. I say he never had a plan — I believe 
he never had one — I do not believe he is capable of making 
one. His is a mind perpetually fluctuating between oppo- 
site difficulties : he neither knows whether he is to make 
bridges over roads or rivers, of one size or of another ; or 
to make embankments, or cuttings, or inclined planes, or in 
what way the thing is to be carried into effect. Whenever 
a difficulty is pressed, as in the case of a tunnel, he gets out 
of it at one end, and when you try to catch him at that, he 
gets out at the other." Mr. Alderson proceeded to declaim 
against the gross ignorance of this so-called engineer, who 
proposed to make "impossible ditches by the side of an 
impossible railway" upon Chat Moss; "I care not," he 
said, " whether Mr. Giles is right or wrong in his estimate, 
for whether it be effected by means of piers raised up all 
the way for four miles through Chat Moss, whether they 
are to support it on beams of wood or by erecting masonry, 
or whether Mr. Giles shall put a solid bank of earth 
through it, — in all these schemes there is not one found 
like that of Mr. Stephenson's, namely, to cut impossible 
drains on the Edde of this road ; and it is sufficient for me 
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to suggest and to show, that this scheme of Mr. Stephenson's 
is impossible or impracticable, and that no other scheme, if 
they proceed upon this line, can be suggested which will 
not produce enormous expense. I think that has been 
irrefragably made out. Every one knows Chat Moss — every 
one knows that the iron sinks immediately on its being 
put upon the surface. I have heard of culverts, which 
have been put upon the Moss, which, after having been 
surveyed the day before, have the next morning disap- 
peared ; and that a house (a poet's house, who may be 
supposed in the habit of building castles even in the 
air), story after story, as fast as one is added, the lower one 
sinks! There is nothing, it appears, except long sedgy 
grass, and a Httle soH to prevent its sinking into the shades 
of eternal night. I have now done, sir, with Chat Moss, 
and there I leave this railroad." 

The case of the principal petitioners against the bill 
occupied many more days, and on its conclusion the 
committee proceeded to divide on the preamble, which 
was carried by a majority of only one — 37 voting for it, 
and 36 against it. The clauses were next considered, 
and on a division the first clause, empowering the Company 
to make the railway, was lost by a majority of 19 to 13. In 
like manner, the next clause, empowering the Company to 
take land, was lost ; on which the bill was withdrawn. 

Thus ended this memorable contest, which had extended 
over two months— carried on throughout with great perti- 
nacity and skill, especially on the part of the opposition, 
who left no stone unturned to defeat the measure. The 
want of a third line of communication between Liverpool 
and Manchester had been clearly proved ; but the engineer- 
ing evidence in support of the proposed railway having 
been thrown almost entirely upon Stephenson, who fought 
this, the most important part of the battle, single-handed, 
was not brought out so clearly as it would have been, had 
he secured more efficient engineering assistaQce— which he 
was not able to do, as the principal engineers of that day 
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were against the locomc/tiTe railway. The obstacles 
thrown in the way of the survey by the landowners and 
canal companies, by which the plans were rendered exceed- 
ingly imperfect, also tended in a great measare to defeat 
the bill. 

The rejection of the bill was probably the most severe 
trial George Stephenson underwent in the whole course of 
his life. The circumstances connected with the defeat of 
the measure, the en*ors in the levels, his rigid cross- 
examination, followed by the fact of his being superseded 
by another engineer, all told fearfully upon him, and for 
some time he was as much weighed down as if a personal 
calamity of the most serious kind had be&llen him. 

Stephenson had been so terribly abused by the leading 
counsel for the opposition in the course of the proceedings 
before the Committee — stigmatised by them as an ignoramus, 
a fool, and a maniac — that even his friends seem for a 
time to have lost faith in him and in the locomotive sys- 
tem, whose efficiency he nevertheless continued to uphold. 
Things never looked blacker for the success of the railway 
system than at the close of this great parliamentary 
struggle. And yet it was on the very eve of its triumph. 

The Committee of Directors appointed to watch the 
measure in Parliament were so determined to press on the 
project of a railway, even though it should have to be 
worked merely by horse-power, that the bill had scarcely 
been thrown out ere they met in London to consider their 
next step. They called their parliamentary friends together 
to consult as to future proceedings ; and the result was that 
they went back to Liverpool determined to renew their 
application to Parliament in the ensuing session. 

It was not considered desirable to employ Mr. Stephenson 
in making the new survey. He had not as yet established 
his reputation as an engineer beyond the boundaries of his 
own district ; and the promoters of the bill had doubtless 
felt the disadvantages of this in the course of their parlia- 
mentary struggle. They therefore resolved now to employ 
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engineers of the highest established reputation, as well as 
the best surveyors that could be obtained. In accordance 
with theae views they engaged Messrs. George and John 
Rennie to be the engineers of the railway ; and Mr. 
Charles Vignolles was appointed to prepare the plans and 
sections. The line which was eventually adopted differed 
somewhat from that surveyed by Mr. Stephenson. The 
principal parks and game-preserves of the district were 
carefully avoided. The promoters thus hoped to get rid of 
the opposition of ilie most influential of the resident land- 
owners. The crossing of certain of the streets of Liverpool 
was also avoided, and the entrance contrived by means of a 
tunnel and an inclined plane. The new line stopped short 
of the river Irwell at the Manchester end, by which the 
objections grounded on an illegal interruption to the canal 
or river traffic were in some measure removed. The oppo- 
sition of the Duke of Bridgewater's trustees was also got rid 
of, and the Marquis of Stafford became a subscriber for a 
thousand shares. With reference to the use of the locomo- 
tive engine, the promoters, remembering with what effect 
the objections to it had been urged by the opponents of the 
bill, intimated, in their second prospectus, that " as a gua- 
rantee of their good faith towards the public they will not re- 
quire any clause empowering them to use it ; or they will sub- 
mit to such restrictions in the employment of it as Parliament 
may impose." 

The survey of the hew line having been completed, the 
plans were deposited, the standing orders duly complied 
with, and the bill went before Parliament. The same 
counsel appeared for the promoters, but the examination of 
witnesses was not nearly so protracted as on the previous 
occasion. The preamble was declared proved by a majority 
of 43 to 18. On the third reading in the House of Com- 
mons, an animated, and what now appears a very amusing 
discussion took place. The Hon. Edward Stanley moved 
that the bill be read that day six months ; and in his speech 
he undertook to prove that the railway trains would take 
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len hottr$ on the joomey, and that they conld only be worked 
by horses. Sir Isaac Coffin, seconded the motion, and in 
doing BO denounced the project as a most flagrant imposi- 
tion. He would not conseut to see widows' premises 
invaded ; and " What, he wonld like to know, was to be 
done with all those who had advanced money in nialHng 
and repairing turnpike-roads? What was to become of 
coach-makers and harness-makers, coach-masters and coach- 
men, inn-keepers, horse-breeders, and horse-dealers? AVas 
the house aware of the smoke and the noise, the hiss and 
the whirl, which locomotive engines, passing at the rate of 
10 or 12 miles an hour, would occasion ? Neither the cattle 
ploughing in tho fields or grazing in the meadows could be- 
hold them without dismay. Iron would bo raised in price 
100 per cent, or more probably eichaustcd alb^ethcr! It 
would be the greatest nuisance, the most complete disturb- 
ance of quiet and comfort in all parts of the kingdom, that 
tiie ingenuity of man could invent !" 

Mr. Huskisson and other speakers, though unable to reply 
to such arguments as these, strongly supported the bill ; and 
it was carried on the third reading by a majority of 88 to 
41. The bill passed the House of Lords almost unani- 
mously, its only opponents being the Earl of Derby and 
his relative the Earl of Wilton. 
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CHAPTEE X. 

Chat Moss — Cokstbuction of the Bailwat. 

The appointment of principal engineer to the railway was 
taken into consideration at the first meeting of the directors 
held at Liverpool subsequent to the passing of the Act. The 
magnitude of the proposed works, and the vast consequences 
involved in their experiment, were deeply impressed upon 
their minds ; and they resolved to secure the services of a 
resident engineer of proved experience and ability. Their 
attention was naturally directed to Mr. Stephenson ; at the 
same time they desired to have the benefit of the Messrs. 
Hennie's professional assistance in superintending the 
works. Mr. George Kennie had an interview with the 
Board on the subject, at which he proposed to undertake 
the chief superintendence, making six visits in each year, 
and stipulating that he should have the appointment of the 
resident engineer. But the responsibility attaching to the 
direction in the matter of the efficient carrying on of the 
works, would not admit of their being influenced by 
ordinary punctilios on the occasion ; and they accordingly 
declined this proposal, and proceeded to appoint Mr. 
Stephenson their principal engineer at a salary of 1000^ 
per annum. 

He at once removed his residence to Liverpool, and made 
arrangements to commence the works. He began with the 
•* impossible thing" — to do that which the most distin- 
guished engineers of the day had declared that " no man in 
his senses would undertake to do " — ^namely^ to make the 
road over Chat Moss I It was indeed a most formidable 
undertaking; and the piDJect of carrying a railway along, 
under, or over such a material as that of which it consisted, 



174 DESCRIPTION OF CHAT MOSS. Chap. X, 

woTild certainly never have occurred to an ordinary mind. 
IMichael Drayton supposed the Moss to have had its origin 
at the Deluge. Nothing more impassable could have been 
imagined than that dreary waste ; and Mr. Giles only spoke 
the popular feeling of the day when he declared that no 
carriage could stand on it " short of the bottom." In this 
bog, singular to say, Mr. Roscoe, the accomplished historian 
of the Medicis, buried his fortune in the hopeless attempt 
to cultivate a portion of it M^rhich he had bought. 

Chat Moss is an immense peat bog of about twelve square 
miles in extent. Unlike the bogs or swamps of Cambridge 
and Lincolnshire, which consist principally of soft mud or 
silt, this bog is a vast mass of spongy vegetable pulp, the 
result of the growth and decay of ages. The spagni, or 
bog-mosses, cover the entire area ; one year's growth rising 
over another, — ^the older growths not entirely decaying, but 
remaining partially preserved by the antiseptic properties 
peculiar to peat. Hence the remarkable fact that, although 
a semifluid mass, the surface of Chat Moss rises above the 
level of the surrounding country. Like a turtle's back, it 
declines from the summit in every direction, having from 
thirty to forty feet gradual slope to the solid land on all 
sides. From the remains of trees, chiefly alder and birch, 
which have been dug out of it, and which must have pro* 
viously flourished upon the surface of soil now deeply sub- 
merged, it is probable that the sand and clay base on which 
the bog rests is saucer-shaped, and so retains the entire mass 
in position. In rainy weather, such is its capacity for 
water that it sensibly swells, and rises in those parts where 
the moss is the deepest. This occurs through the capillary 
attraction of the fibres of the submerged moss, which is 
from 20 to 30 feet in depth, whilst the growing plants 
affectually check evaporation from the surface. This pecu- 
liar character of the Moss has presented an insuperable 
difficulty in the way of reclaiming it by any system of ex- 
tensive drainage— such as by sinking shafts, and pumping 
up thef water by steam power, as has been proposed. Sup- 
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posing a sliaft of 30 feet deep to be sunk, it has been calcu- 
lated that this would only be effectual for draining a circle 
of about 100 yards, the water running down an incline of 
about 5 to 1 ; for it was found in the course of draining the 
bog, that a ditch 3 feet deep only served to drain a space of 
less than 6 yards on each side, and two ditches of this depth, 
10 yards apart, left a portion of the Moss between them 
scarcely affected by the drains. 

The three resident engineers selected by Mr. Stephenson 
to superintend the construction of the line, were Joseph 
Locke, William Allcard, and John Dixon. The last was 
appointed to that portion which lay across the Moss, neither 
of the other two envying his lot. On Mr. Dixon's arrival, 
about July, 1826, Mr. Locke proceeded to show him over 
the length he was to take charge of, and to instal him in 
office. When they reached Chat Moss, Mr. Dixon found 
that the line had already been staked out and the levels 
taken in detail by the aid of planks laid upon the bog. 
The cutting of the drains along each side of the proposed 
road had also been commenced ; but the soft pulpy stuff had 
up to this time flowed into the drains and filled them up 
as fast as they were cut. Proceeding across the Moss, on 
the first day's inspection, the new resident, when about 
halfway over, slipped off the plank on which he walked, 
and sank to his knees in the bog. Struggling only sent 
him the deeper, and he might have disappeared altogether, 
but for the workmen, who hastened to his assistance upon 
planks, and rescued him from his perilous position. Much 
disheartened, he desired to return, and even thought of 
giving up the job ; but Mr. Locke assured him that the 
worst part was now past ; so the new resident plucked up 
heart again, and both floundered on until they reached the 
further edge of the Moss, wet and plastered over with bog- 
sludge. Mr. Dixon's companions endeavoured to comfort 
him by the assurance that he might avoid similar perils, by 
walking upon " pattens," or boards fastened to the soles of 
his feet, as they had done when taking the levels, and as 
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the workmen did when engaged in making drains in the 
softest parts of the Moss. The resident engineer was sorely 
puzzled in the outset by the problem of constructing a road 
for heavy locomotives, with trains of passengers and goods, 
upon a bog which he had found incapable of supporting his 
ovm weight ! 

Mr. Stephenson's idea was, that such a road might be 
made io float upon the bog, simply by means of a sufficient 
extension of the bearing surface. As a ship, or a raft, ca- 
pable of sustaining heavy loads floated in water, so in his 
opinion, might a light road be floated upon a bog, which was 
of considerably greater consistency than water. Long 
before the railway was thought ofi Mr. Boscoe had adopted 
the remarkable expedient of fitting his plough-horses with 
flat wooden soles or pattens, to enable them to walk upon 
the Moss land which he had brought into cultivation. 
These pattens were fitted on by means of a screw apparatus, 
which met in front of the foot and was easily fisistened. The 
mode by which these pattens served to sustain the horse is 
capable of easy explanation, and it will be observed that 
the rationale likewise explains the floating of a railway train. 
The foot of an ordinary farm-horse presents a base of about 
five inches diameter, but if this base be enlarged to seven 
inches — the circles being to each other as the squares of the 
diameters — it will be found that, by this slight enlargement 
of the base, a circle of nearly double the area has been se- 
cured; and consequently the pressure of the foot upon 
every unit of ground upon which the horse stands has been 
reduced one half. In £u3t, this contrivance has an effect 
tantamount to settmg the horse upon eight feet instead of 
four. 

Apply the same reasoning to the ponderous locomotive, and 
it will be found, that even such a machine may be made to 
stand upon a bog, by means of a similar extension of the 
bearing surface. Suppose the engine to be 20 feet long and 
6 feet wide, thus covering a surface of 100 square feet, 
and, provided the bearing has been extended by means of 
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01*088 sleepers supported on a mattmg of heath and branches 
of trees covered with a few inches of gravel, the pressure of 
an engine of 20 tons will be only equal to about 3 pounds 
per inch over the whole surface on which it stands. Such 
was George Stephenson's idea in contriving his floating 
road — something like an elongated raft across the Moss; 
and we shall see that he steadily kept it in view in carry- 
ing the work into execution. 

The first thing done was to form a footpath of ling or 
heather along the proposed road, on which a man might 
walk without risk of sinking. A single line of temporary 
railway was then laid down, formed of ordinary cross-bars 
about 3 feet long and an inch square, with holes punched 
through them at the ends and nailed down to temporary 
sleepers. Along this way ran the waggons in which were 
conveyed the materials requisite to form the permanent 
road. These waggons carried about a ton each, and they 
were propelled by boys running behind them along the 
narrow iron rails. The boys became so expert that they 
would run the 4 miles across at the rate of 7 or 8 miles an 
hour without miRsing a step; if they had done so, they 
wotdd have sunk in many places up to their middle. A 
comparatively slight extension of the bearing surface being 
found sufficient to enable the bog to bear this temporary 
line, the circumstance was a source of increased confidence 
and hope to our engineer in proceeding with the formation 
of the permanent roadway alongside. 

The digging of drains had been proceeding for some time 
along eaxih. side of the intended line; but they filled up 
almost as soon as dug, the sides flowing in, and the bottom 
iising up. It was only in some of the drier parts of the 
bog that a depth of ihree or four feet could be reached. 
The surface-ground between the drains, containing the 
intertwined roots of heather and long grass, was left un- 
touched, and upon this was spread branches of trees and 
hedge-cuttings. In the eofi^est places, rude gates or hui'dies, 
some 8 or 9 feet long by 4 feet wide, interwoven with 

V X 
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heather, were laid in double thicknesses, their ends over- 
lapping each other ; and upon this floating hed was spread 
a thin layer of gravel, on which the sleepers, chairs, and 
rails were laid in the usual manner. Such was the mode 
in which the road was formed upon the Mos». 

It was found, however, after the permanent way had 
been thus laid, that there was a tendency to sinldng at 
those parts where the bog was softest. In ordinary cases, 
where a bank subsides, the sleepers are packed up with 
ballast or gravel ; but in this case the ballast was dug 
away and removed in order to lighten the road, and the 
sleepers were packed instead with cakes of dry turf or bundles 
of heath. By these expedients the subsided parts were again 
floated up to the level, and an approach was made towards 
a satisfactory road. But the most formidable difficulties 
were encountered at the centre and towards the edges of 
the Moss ; and it required no small degree of ingenuity and 
perseverance on the part of the engineer successfully to 
overcome them. 

The Moss, as already observed, was highest in the 
centre, and it there presented a sort of hunchback with a 
rising and falling gradient. At that point it was found 
necessary to cut deeper drains in order to consolidate the 
ground between them on which the road was to be formed. 
But, as at other places, the deeper the cutting the more 
rapid was the flow of fluid bog into the drain, the bottoni 
rising up almost as fast as it was removed. To meet this 
emergency, numbers of empty tar-barrels were brought 
from Liverpool ; and as soon as a few yards of drain were 
dug, the barrels were laid down end to end, firmly fixed to 
each other by strong slabs laid over the joints, and nailed 
They were then covered over with clay, and thus formed an 
underground sewer of wood instead of bricks. This expe- 
dient was found to answer the pui-pose intended, and the 
road across the centre of the Moss having been so pre- 
pared, it was then }aid with the permanent materials. 

The greatest difficulty was, however, experienced in form- 
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iiig an embankment npon the edge of the bog at the Man- 
chester end. Moss as dry as it conld be cut, was brought up 
in small waggons, by men and boys, and emptied so as to 
form an embankment ; but the bank had scarcely been raised 
three or four feet in height, when the stuff broke through 
the heathery surface of the bog and sank out of ^ght. 
More moss was brought up and emptied with no better 
result ; and for weeks the filling was continued without any 
visible embankment having been made. It was the duty 
of the resident engineer to proceed to Liverpool every fort- 
night to obtain the wages for the workmen employed xmder 
him ; and on these occasions he was required to colour up, 
on a section drawn to a working scale suspended against 
the wall of the directors' room, the amount of excavation 
and embankment from time to time executed. But on 
many of these occasions, Mr. Dixon had no progress what- 
ever to show for the money expended on the Chat Moss 
embankment. Sometimes, indeed, the visible work done 
was less than it had appeared a fortnight or a month before ! 

The directors now became seriously alarmed, and feared 
that the evil prognostications of the eminent engineers were 
about to be fulfilled. The resident engineer was even called 
upon to supply an estimate of the cost of forming an em- 
bankment of solid stuflF throughout, as also of the cost of 
piling the roadway, and in effect constructing a four mile 
yiaduct of timber across the Moss, from twenty to thirty 
feet high from the foundation. The expense appalled the 
directors, and the question arose, whether the work was to 
be proceeded with or cibandoned ! 

Mr. Stephenson afterwards described the alarming posi- 
tion of affairs at a public dinner at Birmingham (23rd 
December, 1837), on the occasion of a piece of plate being 
presented to his son, upon the completion of the London 
and Birmingham Eailway. He related the anecdote, he 
said, for the purpose of impressing upon the minds of those 
who heard him the necessity of perseverance. 

** After working for weeks and weeks," said he, " in filling 

N 2 
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in matorialfi to form the road, there did not yet appear to 
be the least sign of our being able to raise the solid ein* 
bankment one single inch ; in short we went on filling in 
without the slightest apparent effect. Even my assistants 
b^an to feel imeaey, and to doubt of the success of the 
scheme. The directors, too, spoke of it as a hopeless task : 
and at length they became seriously alarmed, so much so, 
indeed, that a board meeting was held on Chat Moss to 
decide whether I should proceed any further. They had 
previously taken the opinion of other engineers, who re- 
ported imfavourably. There was no help for it, however, 
but to go on. An immense outlay had been incurred ; and 
great loss woiQd have been occasioned had the scheme been 
then abandoned, and the line taken by another route. So 
the directors were compelled to allow me to go on with my 
plans, of the ultimate success of which I myself never for 
one moment doubted." 

During the progress of this part of the works, the 
Worsley and Trafford men, who lived near the Moss, and 
plumed themselves upon their practical knowledge of bog- 
work, declared the completion of the road to be utterly 
impracticable. *' If you knew as much about Chat Moss as 
we do," they said, " you would never have entered on so 
rash an undertaking; and depend upon it, all you have 
done and are doing will prove abortive. You must give up 
the idea of a floating railway, and either fill the Moss hard 
from the bottom, or deviate so as to avoid it altogether." 
Such were the conclusions of science and experience. 

In the midst of all these alarms and prophecies of failure, 
Stephenson never lost heart, but held to his purpose. His 
motto was "Persevere!" "You must go on filling in," 
he said ; " there is no other help for it. The stuff emptied 
in is doing its work out of sight, and if you will but have 
patience, it will soon begin to show." And so the filling in 
went on ; several hundreds of men and boys were employed 
to skin the Moss all round for many thousand yards, by 
means of shai-p spades, called by the turf cutters " tommy- 
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spades ; " and the dried cakes of turf were afterwaide used 
to form the embankment, until at length as the stuff sank 
and rested upon the bottom, the bank graduallj rose above 
the surface, and slowly advanced onwards, declining in 
height and consequently in weight, until it became joined 
tc the floating road already laid upon the Moss. In the 
course of forming the embankment, the pressure of the b(^ 
turf tipped out of the waggons caused a copious stream of 
bog-water to flow from the end of it, in colour resembling 
Barclay's double stout; and when completed, the bank 
looked like a long ridge of tightly pressed tobacco-lea£ 
The compression of the turf may be imagined from the 
fact that 670,000 cubic yards of raw moss formed only 
277,000 cubic yards of embankment at the completion of 
the work/ 

At the western, or Liverpool end of the Chat Moss, there 
was a like embankment ; but, as the ground there was solid, 
little difficulty was exjierienced in forming it, beyond the 
loss of substance caused by the oozing out of the water held 
by the moss-earth. 

At another part of the Liverpool and Manchester line. 
Parr Moss was crossed by an embankment about 1^ mile 
in extent. In the immediate neighbourhood was found a 
large excess of cutting, which it would have been necessary 
to "put out in spoil-banks" (according to the technical 
phrase) ; but the surplus clay, stone, and shale, were tipped, 
waggon after waggon, into Parr Moss, until a solid but 
concealed embankment, from fifteen to twenty-five feet high, 
was formed, although to the eye it appears to be laid upon 
the level of the adjoining surface, as at Chat Moss. 

The road across Chat Moss was finished by the 1st Janu- 
ary, 1830, when the first experimental train of passengers 
passed over it, drawn by the " Eocket ; " and it turned out 
that, instead of being the most expensive part of the line, it 
was about the cheapest. The total cost of forming the line 
over the Moss was 28,000?., whereas Mr. Giles's estimate 
was 270,0002. ! It aim proved to be one of the best portioxifl 
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of the railway. Being a floating road, it was emooth and 
easy to run upon, just as Dr. Amott*s water-bed is soft and 
easy to lie upon — the pressure being equal at all points. 
There was, and still is^ a sort of springiness in the road 
over the Moss, such as is felt in passing along a suspended 
bridge; and those who looked along the line as a train 
passed over it, said they could observe a waviness, such as 
precedes and follows a skater upon ice. 

During the progress of these works the most ridiculous 
rumours were set afloat. The drivers of the stage-coaches 
who feared for their calling, brought the alarming intel- 
ligence into Manchester from time to time, that ** Chat Moss 
was blown tip ! " *'• Hundreds of men and horses had sunk ; 
and the works were completely abandoned ! " The engi- 
neer himself was declared to have been swallowed up in the 
Serbonian bog ; and " railways were at an end for ever I " 

In the construction of the railway, Mr. Stephenson's 
capacity for organising and directing the labours of a large 
nimiber of workmen of all kinds eminently displayed itself. 
A vast quantity of ballast- waggons had to be constructed, 
and implements and materials collected, before the army of 
necessary labourers could be efficiently employed at the 
various points of the line. There were not at that time, 
as there are now, large contractors possessed of railway 
plant, capable of executing earth-works on a large scale. 
The first railway engineer had not only to contrive the 
plant, but to organise and direct the labour. The labourers 
themselves had to be trained to their work ; and it was on 
the Liverpool and Manchester line that Mr. Stephenson 
organised the staff of that mighty band of railway navvies, 
whose handiworks will be the wonder and admiration of 
succeeding generations. Looking at their gigantic traces, 
the men of some future age may be found to declare of the 
engineer and of his workmen, that " there were giants in 
those days." 

Although the works of the Liverpool and Manchester 
Bailwav are of a much less formidable character than those 
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of many lines that have since been constructed, they were 
then regarded as of the most stupendous description. In 
deed, the like of them had not before been executed in 
England. It had lieen our engineer's original intention te 
carry the railway from the north end of Liverpool, round 
the red-sandstone ridge on which the upper part of the 
town is built, and also round the higher rise of the coal 
formation at Kainhill, by following the natural levels. But 
the opposition of the landowners having forced the line 
more to the south, it was rendered necessary to cut through 
the hills, and go over the high grounds instead of round 
them. The first consequence of this alteration in the plans 
was the necessity for constructing a tunnel under the town 
of Liverpool 1^ mile in length; the second, a long and 
deep cutting through the red-sandstone rock at Olive 
Mount ; and the third and most serious of all, was the neces 
sity for surmounting the Whiston and Sutton hills by in 
clined planes of 1 in 96. The line was also, by the same 
fcHTced deviation, prevented passing through the Lancashire 
coal-field, and the engineer was compelled to carry it across 
the Sankey valley, at a point where the waters of the brook 
had dug out an excessively deep channel through the marl- 
beds of the district 

The principal difficulty was experienced in pushing on 
the works connected with the formation of the tunnel under 
Liverpool, 2200 yards in length. The blasting and hewing 
of the rock were vigorously carried on night and day ; and 
the engineer's practical experience in the collieries here 
proved of great use to him* Many obstacles had to be 
encountered and overcome in the formation of the tunnel, 
the rock varying in hardness and texture at difGarent parts. 
In some places the miners were deluged by water, which 
surged from the soft blue shale found at the lowest level of 
the tunneL In other places, beds of wet sand were cut 
through; and there careful propping and pinning were 
necessary to prevent the roof from tumbling in, until the 
masonry to support it could be erected. On one occasioD, 
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while ihe engineer was absent from Liverpool, & mass of 
looee moBB-eartli and sand fell &om the roof^ which had 
* been insufficiently propped. The miners withdrew from 
the work ; and on Stephenson's return, he found them in a 
refractory state, refusii^ to re-enter the tunnel. He in- 
duced them, however, by his example, to return to their 
labours; and when the roof had been secured, the work 
went on ^ain as before. When there was danger, he was 



Chap. X. NUMEROUS BRIDGES. 186 

always ready to share it with the men ; and gathering con- 
fidence from his fearlessness, they proceeded vigoroosly with 
the undertaking, boring and mining their way towards the 
light. 

The Olive Mount catting was the first extensive stone 
cutting executed on any railway, and to this day it is one 
of the most formidablei. It is about two miles long, and in 
some parts 80 feet deep. It is a narrow ravine or defile cut 
out of the solid rock ; and not less than 480,000 cubic yards 
of stone were removed from it. Mr. Vignolles, afterwards 
describing it, said it looked as if it had been dug out by 
giants. 

The crossing of so many roads and streams involved the 
necessity for constructing an unusual number of bridges. 
There were not fewer than 63, under or over the railway, 
on the 30 nules between Liverpool and Manchester. Up to 
this time, bridges had been applied generally to high roads 
where inclined approaches were of comparatively small 
importance, and in determining the rise of his arch the 
engineer selected any headway he thought proper. Every 
consideration was indeed made subsidiary to constructing 
the bridge itself, and the completion of one large structure 
of this sort was regarded as an epoch in engineering history. 
Yet here, in the course of a few years, no fewer than 63 
bridges were constructed on one line of railway! Mr. 
Stephenson early found that the ordinary arch was inappli- 
cable in certain cases, where the headway was limited, and 
yet the level of the railway must be preserved. In such 
cases he employed simple cast-iron betuns, by which he 
safely bridged gaps of moderate width, economizing head- 
way, and introducing the use of a new material of the 
greatest possible Value to the railway engineer. The 
bridges of masonry upon the line were of many kinds; 
several of them askew bridges, and others, such as those at 
Newton and over the Irwell at Manchester, straight and of 
considerable dimensions ; but the principal piece of masoniy 
was the Sankey viaduct. 



THE SAKKET VIADUCT. 



This fine work is principally of brick, with atone facings. 
It consists of nine arches of fifty feet span each. The 
massive piers are supported on two hundred piles driven 
deep into the soil; and they rise to a great height, — the 
coping of the parapet being seventy feet above the level of 
the valley, in which flow the Sankey brook and canaL Its 
total cost was about 45,0001 

By the end of 1828 the directors found they had expended 
460,000t on the works, and that they were still far from 
completion. They looked at the loss of interest on this 
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large investment, and began to grumble at the delay 
They desired to see their capital becoming productive ; and 
in the spring of 1829 they urged the engineer to push on 
the works with increased vigour. Mr. Cropper, one of the 
directors, who took an active interest in their progress, said 
to Stephenson one day, "Now, George, thou must get on 
with the railway, and have it finished without further 
delay ; thou must really have it ready for opening by the 
first day of January next." " Consider the heavy character 
of the works, sir, and how much we have been delayed by 
the want of money, not to speak of the wetness of the 
weather : it is impossible." " Impossible I " rejoined Crop- 
per ; " I wish I could get Napoleon to thee — he would tell 
thee there is no such word as ' impossible * in the vocabu- 
lary." "Tush!" exclaimed Stephenson, with warmth; 
" don't speak to me about Napoleon ! Give me men, money, 
and materials, and I will do what Napoleon couldn't do 
— drive a railway from Liverpool to Manchester over Chat 
Moss ! " 

The works made rapid progress in the course of the year 
1829. Double sets of labourers were employed on Chat 
Moss and at other points, by night and day, the night shifts 
working by torch and fire light; and at length, the work 
advancing at all points, the directors saw their way to the 
satisfactory completion of the undertaking. 

It may well be supposed that Mr. Stephenson's time was 
fully occupied in superintending the extensive, and for the 
most part novel works, connected with the railway, and 
that even his extraordinary powers of labour and endurance 
were taxed to the utmost during the four years that they 
were in progress. Almost every detail in the plans was 
directed and arranged by himself. Every bridge, from the 
simplest to the most complicated, including the then novel 
structure of the " skew bridge," iron girders, siphons, fixed 
engines, and the machinery for working the tunnel at the 
Liverpool end, had to be thought out by his own head, and 
reduced to definite plans under his own eyes. Besides all 
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this, he had to design the working plant in antici|)ation of 
the opening of the railway. He must be prepared with 
waggons, trucks, and carriages, himself superintending their 
manufacture. The permanent road, turntables, switches, 
and crossings, — in short, the entire structure and machinery 
of the line, from the turning of the first sod to the running 
of the first train of carriages upon the railway, — ^were 
executed under his immediate supervision. And it was in 
the midst of this vast accumulation of work and responsi- 
bility that the battle of the locomotive engine had to be 
fought, — a battle, not merely against material difficulties, 
but against the still more trying obstructions of deeply- 
rooted mistrust and prejudice on the part of a considerable 
minority of the directors. 

He had no staff of experienced assistants, — not even a 
staff of draughtsmen in his office, — ^but only a few pupils 
learning their business; and he was frequently without 
even their help. The time of his engineering inspectors 
was fully occupied in the actual superintendence of the 
works at different parts of the line ; and he took care to 
direct all their more important operations in person. The 
principal draughtsman was Mr. Thomas Gooch, a pupil he 
had brought with him from Newcastle. "I may say," 
writes Mr. Gooch, " that nearly the whole of the working 
and other drawings, as well as the various land-plans for 
the railway, were drawn by my own hand. They were 
done at the Company's office in Clayton Square during the 
day, from instructions supplied in the evenings by Mr. 
Stephenson, either by word of mouth, or by little rough 
hand-sketches on letter-paper. The evenings were also 
generally devoted to my duties as secretary, in writing 
(mostly from his own dictation) his letters and reports,, 
or in making calculations and estimates. The mornings 
before breakfast were not unfrequently spent by me in 
visiting and lending a helping hand in the tunnel and 
other works near Liverpool, — the untiring zeal and perse- 
▼eranoe of George Stephenson never for an instant flagging. 
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and inspiring with a like enthusiasm all who were engt^od 
under him in carrying forward the works." ♦ 

The usual routine of his life at this time — ^if routine it 
might be called — was, to rise early, by sunrise in summer 
and before it in winter, and thus " break the back of the 
day's work " by mid-day. While the tunnel under Liver- 
pool was in progress, one of his first duties in a morning 
before breakfest was to go over the various shafts, clothed 
in a suitable dress, and inspect their progress at different 
points ; on other days he would visit the extensive workshops 
at Edgehill, where most of the " plant " for the line was in 
course of manufacture. Then, returning to his house, in 
Upper Parliament Street, Windsor, after a hurried break- 
fast, he would ride along the works to inspect their pro- 
gress, and push them on with greater energy where needful. 
On other days he would prepare for the much less congenial 
engagement of meeting the Board, which was often a cause 
of great anxiety and pain to him ; for it was difficult to 
satisfy men of all tempers, and some of these not of the 
most generous sort. On such occasions he might be seen 
with his right-hand thumb thrust through the topmost 
button-hole of his coat-breast, vehemently hitching his right 
shoulder, as was his habit when labouring under any con- 
siderable excitement. Occasionally he would take an early 
ride before breakfast, to inspect the prepress of the Sankey 
viaduct. He had a favourite horse, brought by him from 
Newcastle, called "Bobby," — so tractable that, with his 



• Mr. Gooch's letter to the 
author, December ISth, 1861. 
Referring to the preparations of 
the plans and drawings, Mr. Gooch 
adds, " When we consider the ex- 
tensive sets of drawings which 
most engineers have since found 
it right to adopt in carrying out 
similar works, it is not the least 
surprising feature in Geor<ge Ste- 
pheufion'B early professional career, 



that he should have been able to 
confine himself to so limited a 
number as that which could be 
supplied by the hands of one per' 
son in carrying out the construe- 
tion of the Liverpool and Man- 
chester Hallway; and this may 
still be said, after full allowance ia 
made for the alteration of system 
involved by the adoption of ^ 
large contract system." 
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rider oa liia back, lie would walk up to a locomotive with 
the steam blowing off, and put his nose aguiuet it without 
shying. "Bobhj," saddled and bridled, was brought to 
Mr. Stephenson's door betimes in the morning; and mount- 
ing him, he would ride the fifteen miles to Sankey, putting 
up at a little public bouse which then stood upon the banks 
of the oanaL There he had his break&at of "crowdie," 
which he made with bis own hands. It consieted of oat- 
meal stirred into a basin of hot water, — a sort of porridge, 
— whieh was supped with cold sweet milk. After this 
frugal breakfast, he would go upon the works, and remain 
there, riding Irom point to point for the greater part of the 
day. When he returned before mid-day, he examined the 
pay-ehoets in the different departments, sent in by the 
assistant engineers, or by the foremen of the workshops. 
To all these be gave bis most carefiil personal attention, 
requiring when necessary a foil explanation of the items. 

After a late dinner, which occupied very short time and 
was always of a plain and frugal description, he disposed 
of his correspondence, or prepared sketohea of drawings, 
and gave instructions as to their completion. He would 
occasionally reti^b himself for this evening work by a 
short doze, which, however, he would never admit had ex- 
ceeded the limits of " winking," to use his own term. Mr. 
Frederick Swanwick, who ofGciated as bis secretary, after 
the appointment of Mr. Goocb as Hesident Engineer to the 
Bolton and Leigb Eailway, has informed us that he then 
remarked — what in after years he could better appreciate 
— the clear, terse, and vigorous style of Mr. Stephenson's 
dictation. There was nothing superfluous in it ; but it was 
close, direct, and to the point, — in short, thoroughly business- 
like. And i^ in passing through the pen of the amanuensis, 
his meaning happened in any way to be distorted or modified, 
it did not fail to escape his detection, though he was always 
tolerant of any liberties taken with his cwn form of expres- 
sion, so long OS the words written down conveyed bis real 
meaning. 
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His letters and reports wiitten, and his sketches of 
drawings made and explained, the remainder of the evening 
was usually devoted to conversation vdth his wife and those 
of his pupils who lived under his roof, and constituted, as 
it were, part of the family. He then delighted to test the 
knowledge of his young companions, and to question them 
upon the principles of mechanics. If they were not quite 
"up to the mark" on any point, there was no escaping 
detection by evasive or specious explanations. These always 
brought out the verdict, " Ah ! you know nought about it 
now ; but think it over again, and tell me when you under- 
stand it." If there were even partial success in the reply, 
it was at once acknowledged, and a full explanation given, 
to which the master would add illustrative examples for the 
purpose of impressing the principle more deeply upon the 
pupil's mind. 

It was not so much his object and purpose to " cram " the 
minds of the young men committed to his charge with the 
restdta of knowledge, as to stimulate them to educate them- 
selves — to induce them to develope their mental and moral 
powers by the exercise of their own free energies, and thus 
acquire that habit of self-thinking and self-reliance which 
is the spring of all true manly action. In a word, he sought 
to bring out and invigorate the character of his pupils. He 
felt that he himself had been made stronger and better 
through his encounters with difl&culty ; and he would not 
have the road of knowledge made too smooth and easy for 
them. " Learn for yourselves, — think for yourselves," he 
would say : — " make yourselves masters of principles, — ^per- 
severe, — be industrious, — and there is then no fear of you." 
And not the least emphatic proof of the soundness of this 
system Df education, as conducted by Mr. Stephenson, was 
afforded by the after history of these pupils themselves. 
There was not one of those trained under his eye who did 
not rise to eminent usefulness and distinction as an engineer. 
He sent ihem forth into the world braced with the spirit of 
manly self-help — ^inspired by his own noble example ; and 
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ttiej repeated in their after career the lessons of earnest 
effort and persistent industry which his daily life had 
taught them. 

Stephenson's evenings at home were not, however, exclu- 
sively devoted either to business or to the graver exerciseb 
above referred to. He would often indulge in cheerful con- 
versation and anecdote, falling back from time to time upon 
the struggles and dif&culties of his early life. The not 
unfrequent winding up of his stoiy addressed to the young 
men about him, was, "Ah! ye young fellows don't know 
what wark is in these days I" Mr. Swanwick takes pleasare 
in recalling to mind how seldom, if ever, a cross or captious 
word, or an angry look, marred the enjoyment of those 
evenings. The presence of Mrs. Stephenson gave them an 
additional charm : amiable, kind-hearted, and inteUigent, 
she shared quietly in the pleasure of the pariy ; and the 
atmosphere of comfort which always pervaded her home 
contributed in no small degree to render it a centre of 
cheerful, hopeful intercourse, and of earnest, honest in- 
dustry. She was a wife who well deserved, what she 
through life retained, the strong and unremitting affection 
of her husband. 

When Mr. Stephenson retired for the night, it was not 
always that he permitted himself to sink into slumber. 
Like Brindley, he worked out many a difficult problem in 
bed ; and for hours he would turn over in his mind and 
study how to overcome some obstacle, or to mature some 
project, on which his thoughts were bent. Some remark 
inadvertently dropped by him at the breakfeat-table in the 
morning, served to show that he had been stealing some 
hours from the past night in reflection and study. Yet he 
would rise at his accustomed early hour, and there was uo 
abatement of his usual energy in carrying on the business 
of the day. 
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CHAPTER XL 

Robert Stephenson's Residence in Colombia, and Retubm 
— The Battle of the Locomotive — "The Rocket." 

We return to the career of Robert Stephenson, who had 
been absent from England during the construction of the 
Liverpool railway, but was shortly about to join his father 
and take part in '^ the battle of the locomotive," which was 
now impending. 

On his return from Edinburgh College in the summer of 
1823, he had assisted in the survey of the Stockton and 
Darlington line ; and when the Locomotive Engine Works 
were started in Forth Street, Newcastle, he took an active 
part in that concern. "The factory," he says, "was in 
active operation early in 1 824 ; I left England for Colombia 
in June of that year, having finished drawing the designs 
of the Binisselton stationary engines for the Stockton and 
Darlington Railway before I left." * 

Speculation was very rife at the time ; and amongst the 
most promising adventures were the companies organised 
for the purpose of working the gold and alver mines of 
South America. Great difficulty was experienced in finding 
mining engineers capable of carrying out those projects, 
and young men of even the most moderate experience were 
eagerly sought after. The Columbian Mining Associatioi. 
of London offered an engagement te young Stephenson, to 
go out to Mariquita and take charge of the engineering 
operations of that company. Robert was himself desirous of 
accepting it, 'but his father said it would first be necessary 
to (ascertain whether the proposed dbange would be for his 



* Letter to tne author. 
V. 
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good. His health h&d been very delicate loi some time, 
partly occasioned by his rapid growth, but principally 
because of his close application to work and study. Father 
and son together called upon Dr. Headlam, the eminent 
physician of Newcastle, to consult him on the subject. 
During the examination which ensued, Eobert afterwards 
used to say that he felt as if he were upon trial for life or 
death. To his great relief, the doctor pronounced that a 
temporary residence in a warm climate was the very thing 
likely to be most beneficial to him. The appointment was 
accordingly accepted, and, before many weeks had passed, 
Robert Stephenson set sail for South America. 

After a tolerably prosperous voyage he landed at La 
Guayra, on the north coast of Venezuela, on the 23rd July, 
from thence proceeding to Caraccas, the capital of the dis- 
trict, about 15 miles inland. There he remained for two 
months, unable to proceed in consequence of the wretched 
state of the roads in the interior. He contrived, however, 
to make occasional excursions in the neighbourhood, with 
an eye to the mining business on which he had come. About 
the beginning of October he set out for B(^ota, the capital 
of Columbia or Kew Granada. The distance was about 
1200 miles, through a very difficult region, and it was 
performed entirely upon mule-back after the fashion of the 
country. 

In the course of the journey Eobert visited many of the 
districts reported to be rich in minerals, but he met with 
few traces except of copper, iron, and coal, with occasional 
indications of gold and silver. He found the people ready 
to furnish information, which, however, when tested, usually 
proved worthless. A guide, whom he employed for weeks, 
kept him buoyed up with the hope of richer mining quar- 
ters than he had yet seen ; but when he professed to be 
able to show him mines of "brasb, steel, alcohol, and pinch- 
beck," Stephenson discovered him to be an incorrigible 
rogue, and immediately dismissed him. At length our 
traveller reached Bogota, and after an interview with M» 
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Illingworth, the commercial manager of the mining Com- 
pany, he proceeded to Honda, crossed the Magdalena, and 
shortly after reached the site of his intended operations on 
the eastern slopes of the Andes. 

Mr. Stephenson used afterwards to speak in glowing 
terms of this his first mule-journey in South America. 
Everything was entirely new to him. The variety and 
beauty of the indigenous plants, the luxurious tropica] 
vegetation, the appearance, manners, and dress of the peo- 
ple, and the mode of travelling, were altogether different 
from everything he had before seen. His own travelling 
garb also must have been strange even to himself. " My 
hat," he says, "was of plaited grass, with a crown nine 
inches in height, surrounded by a brim of six inches ; a 
white cotton suit ; and a ruana of blue and crimson plaid, 
with a hole in the centre for the head to pass through. 
This cloak is admirably adapted for the purpose, amply 
covering the rider and mule, and at night answering the 
purpose of a blanket in the net-hammock, which is made 
from fibres of the aloe, and which every traveller carries 
before him on his mule, and suspends to the trees or in 
houses, as occasion may require." The part of the journey 
which seems to have made the most lasting impression 
on his mind was that between Bogota and the mining 
district in the neighbourhood of Mariquita. As he ascended 
the slopes of the mountain-range, and reached the first step 
of the table-land, he was struck beyond expression with the 
noble view of the valley of the Magdalena behind him, so 
vast that he failed in attempting to define the point at 
which the course of the river blended with the horizon. 
Like all travellers in the district, he noted the remarkable 
changes of climate and vegetation, as he rose from the 
burning plains towards the fresh breath of the mountains. 
From an atmosphere as hot as that of an oven he passed 
into delicious cool air; until, in his onward and upward 
journey, a still more temperate region was reached, the 
very perfection of climate. Before Lim rose the majestic 

o 2 



19<V MAKING A PARTT. Chap. XI 

Cordilleras, forming a rampart against the western skies, at 
oertain times of the day looking black, sharp, and, at their 
summit, almost as even as a walL 

Ottr engineer took up his abode for a time at Mariqmia^ 
a fine old city, though then greatly decayed. During the 
lieriod of the Spanish dominion, it was an important place, 
most of the gold and silver convoys passing through it on 
their way to Cartagena, there to be shipped in galleons for 
Europe. The mountainous country to the west was rich in 
silvei , gold, and other metals, and it was Mr. Stephenson's 
object to select the best site for commencing operations for 
the Company. With this object he "prospected" about 
in all directions, visiting long-abandoned mines, and ana- 
lysing specimens obtained from many quarters. The mines 
eventually fixed upon as the scene of his operations ^were 
those of La Manta and Santa Anna, long before worked by 
the Spaniards, though, in consequence of the luxuriance and 
rapidity of the vegetation, all traces of the old workings 
had beibome completely overgrown and lost. Everything 
had to be begun anew. Beads had to be cut to the mines, 
machinery to be erected, and the ground opened up, in 
course of which some of the old adits were hit upon. The 
native peons or labourers were not accustomed to work, 
and at first they usually contrived to desert when they 
were not watched, so that very little progress could be 
made until the arrival of the expected band of miners from 
England. The authorities were by no means helpful, and 
the engineer was driven to an old expedient with the 
object of overcoming this difficulty. "We endeavour all 
we can," he says, in one of his letters, " to make ourselves 
popular, and this we find most effectually accc»mplished by 
' regaling the venal beasts.' " * He also gave a ball at Mari- 
quita, which passed off with ^clat, the- governor from Honda, 
with a host of friends, honouring it with their presence. 
It was, indeed, necessary to " make a party " in this way, 
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as other schemers were already trying to undermine the 
Colombian company in influential directions. The engi- 
neer did not exaggerate when he said, " The uncertainty of 
transacting business in this country is perplexing beyond 
description." 

At last, his party of miners arrived from England, but 
they gave him even more trouble than the peons had done. 
They were rough, drunken, and sometimes altogether un- 
governable. He set them to work at the Santa Anna mine 
without delay, and at the same time took up his abode 
amongst them, " to keep them," he said, " if possible, from 
indulging in the detestable vice of drunkenness, which, if 
not put a stop to, will eventually destroy themselves, and 
involve the mining association in ruin." To add to his 
troubles, the captain of the miners displayed a very hostile 
and insubordinate spirit, quarrelled and fought with the 
men, and was insolent to the engineer himself. The captain 
and his gang, being Cornish men, told Hobert to his face, 
that because he was a North-country man, and not born in 
Cornwall it was impossible he should know anything of 
mining. Disease also fell upon him,^ — first fever, and then 
visceral derangement, followed by a return of his "old 
complaint, a feeling of oppression in the breast." No 
wonder that in the midst of these troubles he should 
longingly speak of returning to his native land. But ho 
stuck to his post and his duty, kept up his courage, and by 
a mixture of mildness and firmness, and the display of great 
coolness of judgment, he Qontrived to keep the men to 
their work, and gradually to carry forward the enterprtse 
which he had undertaken. By the beginning of July, 1 826, 
we find that quietness and order had been restored, a?id the 
works were proceeding more satisfactorily, though the yield 
of silver wa« not as yet very promising. Mr. Stephenson 
calculated that at least three years' diligent and costly 
0]>erations would be needed to render the mines productive. 

In the mean time he removed to the dwelling which had 
been erected for his accommodation at Santa Anna. It was 
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a etnicture speedily raised after the fashion of the conntry. 
The -walls were of split and flattened bamboo, tied tt^ether 
with the long fibres of a dried climbing plant ; the roof was 
of palm-leaves, and the ceiling of reede. When an earth- 
quake shook the district — for earthquakes were frequent — 
the inmates of such a febric merely felt as if shaken in a 
basket, without sustaining any liarm. In front of tbo 
cottage lay a woody ravine, extending almost to the base of 
the Andes, gorgeously clothed in primeval vegetation — 
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magnolias, palms, bamboos, tree-ferns, acacias, cedarB ; and, 
towering over all, the great almendrons, with their smooth, 
silvery stems, bearing aloft noble clusters of pure white 
blossom. The forest was haunted by myriads of gay insects, 
butterflies with wings of dazzling lustre, birds of brilliant 
plumage, humming-birds, golden oriolea, toucans, and a 
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host of solitary warblers. But the glorious sunsets seen 
from his cottage-porch more than all astonished and de- 
lighted the young engineer ; and he was accustomed to say 
that, after having witnessed them, he was reluctant to 
accuse the ancient Peruvians of idolatry. 

But all these natural beauties failed to reconcile him to 
the harassing difficulties of his situation, which continued 
to increase rather than diminish. He was hampered by the 
action of the Board at home, who gave ear to hostile 
criticisms on his reports; and, although they afterwards 
made handsome acknowledgment of his services, he felt his 
position to be altogether unsatisfactory. He therefore 
determined to leave at the expiry of his three years 
engagement, and communicated his decision to the directors 
accordingly. On receiving his letter, the Board, through 
Mr. Kichardson, of Lombard street, one of the directors, 
communicated with his father at Newcastle, representing 
that if he would allow his son to remain in Colombia the 
Company would make it " worth his while.*' To this the 
father gave a decided negative, and intimated that he 
himself needed his son's assistance, and that he must 
return at the expiry of his three years' term, — a decision, 
writes Eobert, " at which I feel much gratified, as it is clear 
that he is as anxious to have me back in England as I am 
to get there." * At the same time, Edward Pease, a principal 
partner in the Newcastle firm, privately wrote Eobert to the 
following effect, ui^ing his return home : — " I can assure 
thee that thy business at Newcastle, as well as thy father's 
engineering, have suffered very much from thy absence, and, 
unless thou soon return, the former will be given up, as Mr. 
Longridge is not able to give it that attention it requires ; 
and what is done is not done with credit to the house." 
The idea of the manufactory being given up, which Eobert 
had laboured so hard to establish before leaving England, 
was painful to him in the extreme, and he wrote to the 
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manager of the Company, strongly ui^ing that arrange- 
ments should be made for V.im to leave without delay. In 
the mean time he was again laid prostrate by another violent 
attack of aguish fever ; and when able to write in Juna 
1827, he expressed himself as '* completely wearied anJL 
worn down with vexation.*' 

At length, when he was sufficiently recovered from his 
attack and able to travel, he set out on his voyage home- 
ward in the beginning of August. At Mompox, on his way 
down the river Magdalena, he met Mr. Bodmer, his suc- 
cessor, with a fresh party of miners from England, on their 
way up the country to the quarters which he had just 
quitted. Next day, six hours after leaving Mompox, a 
steamboat was met ascending the river, with Bolivar the 
Liberator on board, on his way to St. Bogota ; and it was 
a mortification to our engineer that he had only a passii:^ 
sight of that distinguished person. It was his intention, on 
leaving Mariquita, to visit the Isthmus of Panama on his way 
home, for the purpose of inquiring into the practicability of 
cutting a canal to unite the Atlantic and Pacific — a project 
which then formed the subject of considerable public dis- 
cussion ; but his presence being so anxiously desired at 
home, he determined to proceed to New York without 
delay. 

Arrived at the port of Cartagena, he had to wait some 
time for a ship. The delay was very irksome to him, the 
more so as the city was then desolated by the ravages of the 
yellow fever. "While sitting one day in the large, bare^ 
comfortless public room of the miserable hotel at which he 
put up, he observed two strangers, whom he at once per- 
ceived to be English. One of the strangers was a tall, gaunt 
man, shrunken and hollow-looking, shabbily dressed, and 
apparently poverty-stricken. On making inquiry, he found 
it was Trevithick, the builder of the first railroad loco- 
motive! He was returning home from the gold-mines of 
Peru penniless. He had left England in 1816, with power- 
ful steam-engines, intended for the drainage and working of 
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the Peruvian mines. He met with abnost & royal reception 
on his landing at Lima. A guard of honour was appointed 
to attend him, and it was even proposed to erect a statue of 
Don Eicardo Trevithick in solid silver. It was given forth 
in Cornwall that his emoluments amounted to 100,OOOZ. a 
year,^ and that he was making a gigantic fortune. Great, 
therefore, was Kobert Stephenson's surprise -to find this 
potent Don Eicardo in the inn at Cartagena, reduced almost 
to his last shilling, and unable to proceed further. He had 
indeed realised the ti-uth of the Spanish proverb, that 
" a silver-mine brings misery, a gold-mine ruin." He and 
his friend had lost everything in their journey across the 
country from Peru. They had forded rivers and wandered 
through forests, leaving all their baggage behind them, and 
had reached thus far with little more than the clothes upon' 
their backs. Almost the only remnant of precious metal 
saved by Trevithick was a pair of silver spurs, which he 
took back with him to Cornwall. Bobert Stephenson lent 
him 50Z. to enable him to reach England ; and though he 
was afterwards heard of as an inventor there, he had no 
further part in the ultimate triumph of the locomotive. 

But Trevithick's misadventures on this occasion had not 
yet ended, for before he reached New York he was wrecked, 
and Robert Stephenson with him. The following is the 
account of the voyage, " big with adventures," as given by 
the latter in a letter to his friend Illingworth ; — " At first 
we had very little foul weather, and indeed were for several 
days becalmed amongst the islands, which was so far 
fortunate, for a few degrees further north the most tre- 
mendous gales were blowing, and they appear (from our 
future information) to have wrecked every vessel exposed tc 
their violence. We had two examples of the effects of the 
hurricane; for, as we sailed north we took on board the 
remains of two crews foimd floating about on dismantled 
hulls. The one had been nine days without food of any 
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kind, except the carcasses of two of their companions who 
had died a day or two previously from fatigue and hunger. 
The other crew had been driven about for six days, and 
were not so dejected, but reduced to such a weak state that 
they were obliged to be drawn on board our vessel by ropes. 
A brig bound for Havannah took part of the men, and we 
took <he remainder. To attempt any description of my 
feelings on witnessing such scenes would be in vain. You 
will not be surprised to learn that I felt somewhat uneasy 
at the thought that we were so far from England, and that 
J also might possibly suffer similar shipwreck ; but I con- 
soled myself with the hope that fate would be more kind to 
us. It was not so much so, however, as I had flattered 
myself; for on voyaging towards New York, after we had 
made the land, we ran aground about midnight. The 
vessel soon filled with water, and, being surrounded by the 
breaking surf, the ship was soon split up, and before morn- 
ing our situation became perilous. Masts and all were cut 
away to prevent the hull rocking ; but all we could do was 
of no avail. About 8 o'clock on the following morning, after 
a most miserable night, we were taken off the wreck, and were 
so fortunate as to reach the shore. I saved my minerals, 
but Empson lost part of his botanical collection. Upon the 
whole, we got off well ; and, had I not been on the Ame- 
rican side of the Atlantic, I * guess' I would not have gone 
to sea again." 

After a short tour in the United States and Canada, 
Robert Stephenson and his friend took ship for Liverpool, 
where they arrived at the end of November, and at once 
proceeded to Newcastle. The factory was by no means in a 
prosperous state. During the time Robert had been in 
America it had been carried on at a loss; and Edward 
Pease, much disheartened, wished to retire, but George 
Stephenson was unable to buy him out, and the establish- 
ment had to be carried on in the hope that the locomotivo 
might yet be established in public estimation as a practical 
and economical working power. Robert Stephenson immedi- 
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ately instituted a rigid inquiry into the working of the con- 
cern, unravelled the accounts, which had fallen into confusion 
during his father's absence at Liverpool ; and he soon suc- 
ceeded in placing the affairs of the factory in a more healthy 
condition. In all this he had the hearty support of his 
fether, as well as of the other partners. 

The works of the Liverpool and Manchester Railway 
were now approaching completion. But, singular to say, 
the directors had not yet decided as to the tractive power 
to be employed in working the line when opened for traffic. 
The differences of opinion among them were so great as 
apparently to be irreconcilable. It was necessary, however, 
that they should come to some decision without further loss 
of time ; and many Board meetings were accordingly held to 
discuss the subject. The old-fashioned and well-tried 
system of horse haulage was not without its advocates ; but, 
looking at the large amount of traffic which there was to be 
conveyed, and at the probable delay in the transit from 
station to station if this method were adopted, tho directors, 
after a ^dsit made by them to the Northumberland and 
Durham railways in 1 828, came to the conclusion that the 
employment of horse power was inadmissible. 

t'ixed engines had many advocates ; the locomotive veiy 
few : it stood as yet almost in a minority of one — George 
Stephenson, The prejudice against the employment of the 
latter power had even increased since the Liverpool and 
Manchester Bill underwent its first ordeal in the House of 
Commons. In proof of this, we may mention that the 
Newcastle and Carlisle Railway Act was conceded in 1829, 
on the express condition that it should not be worked by 
locomotives, but by horses only. 

Grave doubts existed as to the practicability of working 
a large traffic by means of travelling engines. The most 
celebrated engineers offered no opinion on the subject. 
They did not believe in the locomotive, and would scarcely 
take the trouble to examine it. The ridicule with which 
George Stephenson had been assailed by the barristers 
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before the Parliamentarj Committee bad not been alto* 
gether distasteful to them. Perhaps they did not relinh 
the idea of a man who had picked up his experience in 
Newcastle coal-pits appearing in the capacity of a leading 
engineer before Parliament, and attempting to establish a 
new system of internal communication in the country. 
The directors could not disregard the adverse and conflict- 
ing views of the professional men whom they consulted. 
Bnt Mr. Stephenson had so repeatedly and earnestly urged 
upon them the propriety of making a trial of the locomotive 
before coming to any decision against it, that they at length 
authorised him to proceed with the construction of one of 
his engines by way of experiment In their report to the 
proprietors at their annual meeting on the 27th March, 
1828, they state that they had, after due consideration, 
authorised the engineer '^ to prepare a locomotive engine, 
which, from the nature of its construction and from the 
experiments already made, he is of opinion will be effective 
for the purposes of the Company, without proving an annoy- 
ance to the public." The locomotive thus ordered was 
placed upon the line in 1829, and was found of great ser- 
vice in drawing the waggons fall of marl from the two 
great cuttings. 

In the mean time the discussion proceeded as to the kind 
of power to be permanently employed for the working of 
the railway. The directors were inundated with schemes 
of all sorts for facilitating locomotion. The projectors of 
England, France, and America, seemed to be let loose upon 
them. There were plans for working the waggons along 
the line by water power. Some proposed hydrc^en, and 
others carbonic acid gas. Atmospheric pressure had its 
eager advocates. And various kinds of flxed and locouio- 
motivo steam-power were suggested. Thomas Gray urged 
his plan of a greased road with cog rails; and Messrs. 
Yign(»]les and Ericsson recommended the adoption of a 
central friction rail, against which two horizontcd rollers 
nnder the loc-^motive, pressing upon the sides of this lail, 



Chap. XI. WALKER AND RASTRICK'S REPORT. 2M 

were to afford the means of ascending the inclined planes. 
The directors felt themselves quite nnable to choose fi*om 
amidst this multitude of projects. The engineer expressed 
himself as decidedly as heretofore in favour of smooth rails 
and locomotive engines, which, he was confident, would be 
found the most economical and by far the most convenient 
moving power that ooald be employed. The Stockton and 
Darlington Eailway being now at work, another deputation 
went down personally to inspect the fixed and locomotive 
engines on that line, as well as at Hetton and Killingworth. 
They returned to Liverpool with much information ; but 
their testimony as to the relative merits of the two kinds of 
engines was so contradictory, that the directors were as fi*r 
from a decision as ever. 

They then resolved to call to their aid two professional 
engineers of high standing, who should visit the Darlington 
and Newcastle railways, carefully examine both modes of 
working — the fixed and the locomotive, — and report to them 
fully on the subject. The gentlemen selected were Mr. 
Walker of Limehouse, and Mr. Bastrick of Stoiffbridge* 
After carefully examining the modes of working the northern 
luilways, they made their report to the directors in the 
spring of 1829. They concurred in the opinion that the 
cost of an establishment of fixed engines would be some- 
what greater than that of locomotives to do the same work ; 
but thought the annual charge woidd be less if the former 
wore adopted. They calculated that the cost of moving a 
ton of goods thirty miles by fixed engines would be 6*40rf., 
and by locomotives, 8'36d., — assuming a profitable traffic tc 
be obtained both ways. At the same time it was admitted 
that there appeared more ground for expecting improve- 
ments in the construction and working of locomotives than 
of stationary engines. On the whole, however, and looking 
especially at the computed annual charge of working the 
road on the two systems on a lai^e scale, the two reporting 
engineers were of opinion that fixed engines were prefer- 
able, and accordingly recommended their adoption. And, in 
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order to oaiTy the system recommended by them into effect, 
they proposed to divide the railroad between Liverpool and 
Manchester into nineteen stages of about a mile and a half 
each, with iwenty-one engines fixed at the different points 
to work the trains forward. 

Such was the result, so far, of George Stephenson's labours. 
Two of the best practical engineers of the day concurred in 
repoi'ting substantially in favour of the employment of fixed 
engines. Not a single professional man of eminence sup- 
port-ed the engineer in his preference for locomotive ovei* 
fixed engine power. He had scarcely an adherent, and the 
locomotive system seemed on the eve of being abandoned. 
StiU he did not despair. With Ihe profession as well as public 
opinion against him — for the most frightful stories were 
abroad respecting the dangers, the unsightliness, and tho 
nuisance which the locomotive would create — Stephenson 
held to his purpose. Even in this, apparently the darkest 
hour of the locomotive, he did not hesitate to declare that 
locomotive railroads would, before many years had passed, 
be " the gi*eat highways of the world." 

He urged his views upon the directors in all ways, and, 
its some of them thought, at all seasons. He pointed out 
the greater convenience of locomotive power for the purposes 
of a public highway, likening it to a series of short uncon- 
nected chains, any one of which could be removed and 
another substituted without interruption to the traffic; 
whereas the fixed engine system might be regarded in the 
light of a continuous chain extending between the two 
termini, the failure of any link of which would derange the 
whole.* He represented to the Board that the locomotive 



* The arguments used by Mr. | phlet was entitled, * Observations 
Stephenson with the directors, in | on the Comparative Merits of 



favour of the locomotive engine 
were afterwards collected and pub- 
lished in 1830 by Robert Stephen- 
son and Joseph Locke, as ••com- 
piled iwm the Reports of Mr. 
Gloozgo Stephenson." The pamr 



Locomotive and Fixed Engines.* 
Robert Stephenson, speaking of 
the authorship many years after, 
said, "I believe I furnished the 
facts and the arguments, and Locko 
put them into shape. Locke was 
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was yet capable of gi*eat improvements, if proper indiioe« 
ments were held out to inventors and machinists to make 
them ; and he pledged himself that, if time were given him, 
he would constnict an engine that should sfitisfy their 
requirements, and prove itself capable of working h^vy 
loads along the railway with speed, regularity and safety. 
At length, influenced by his persistent earnestness not less 
than by his argiunents, the directors, at the suggestion of 
Mr. Harrison, determined to offer a prize of 500Z. for the 
best locomotive engine, which, on a certain day, should be 
produced on the railway, and perfoim certain specified 
conditions in the most satisfactory manner.* 

It was now felt that the fate of railways in a great 
measure depended upon the issue of this appeal to the me- 
chanical genius of England. When the advertisement of 
the prize for the best locomotive was published, scientific 
men began more particularly to direct their attention to 
the new power which was thus struggling into existence. 
In the mean time public opinion on the subject of railway 



a very flowery writer, whereas my 
style was rather bald and unat- 
tractive; so he was the editor of 
the pamphlet, which excited a 
good deal of attention amongst 
t»ngineers at the time." 
* The conditions were these : — 

1. The engine must effectually 
consume its own smoke. 

2. The engine, if of six tons 
weight, must be able to draw after 
it, day by day, twenty tons weight 
(including the tender and water- 
tank) at ten miles an hour, with a 
pressure of steam on the boiler not 
exceeding fifty pounds to the squjvre 
inch. 

3. The boiler must have two 
safety-valves, neither of which 
must be fastened down, and one 
of them, be completely out of the 
control of the engineman. 

4. The engine and boiler must 
be supported on springs, and rest 



on six wheels, the height of the 
whoie not exceeding fifteen feet to 
the iop of the chimney. 

5. The engine, with water, must 
not weigh more than six tons ; but 
an engine of less weight woidd Ije 
preferred on its drawing a propor- 
tionate load behind it ; it only four 
and a half tons, then it might be 
put on only four wheels. The Cc^m- 
pany to be at liberty to test the 
boiler, &c., by a pressure of one 
hundred and fifty pounds to the 
squai'e inch. 

6. A mercurial gauge must be 
affixed to the machine, showing 
the steam pressure above forty-five 
pounds per square inch. 

7. The engine must be delivered, 
complete and ready for ti'ial, at the 
Liverpool end of the railway, not 
lat^r than the 1st of October, 1829. 

8. The price of the engine must 
not exceed 550Z. 
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working remained suspendetl, acd the progress of the under- 
taking was watched with intense interest. 

During the progress of the discussion with reference to 
the kind of power to be employed, Mr. Stephenson wtis in 
constant communication with his son Bohert, who made 
fi-equent visits to Liverpool for the purpose of assisting his 
father in the preparation of his reports to the Board on the 
subject. They had also many conversations as to the best 
mode of increasing the powers and perfecting the mechanism 
of the locomotive. These became more frequent and inte- 
resting, when the prize was offered for the best locomotive, 
and the working plans of the engine which they proposed 
to construct came to be settled. 

One of the most important considerations in the new 
engine was the arrangement of the boiler and the ext/ension 
of its heating surface to enable steam enough to be raised 
rapidly and continuously, for the purpose of maintaining 
high rates of speed, — ^the effect of high-pressure engines 
being ascertained to depend mainly upon the quantity of 
steam which the boiler can generate, and upon its degree 
of elasticity when produced. The quantity of steam so 
generated, it will be obvious, must depend chiefly upon the 
quantity of fuel consumed in the furnace, and by necessary 
consequence, upon the high rate of temperature maintained 
there. 

It will be remembered that in Stephenson's first Killing- 
worth engines he invented and applied the ingenious 
method of stimulating combustion in the famace, by throw- 
ing the waste steam into the chimney after performing its 
office in the cylinders, thus accelerating the ascent of the 
curi'ent of air, greatly increasing the draught, and conse- 
quently the temperature of the fire. This plan was adopted 
by him, as we have already seen, as early as 1816 ; and it 
was so successful that he himself attributed to it the 
greater economy of the locomotive as compared with horse 
power. Hence the continuance of its use upon the Killing 
worth Railway. 
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Though the adoption of the steam-Llast greatly qidckened 
oombustioii and contributed to the rapid production of high- 
pressure steam, the limited amount of heating surface pre- 
sented to the fire was still felt to be an obstacle to the 
complete success of the locomotive engine. Mr. Stephenson 
endeavoured to overcome this by lengthening the boilers 
and increasing the surface presented by the flue-tubes. The 
" Lancashire Witch," which he bmlt for the Bolton and 
Leigh Eailway, and used in forming the Liverpool and 
Manchester Eailway embankments, was constructed with 
a double tube, each of which contained a fire and passed 
longitudinally through the boiler. But this arrangement 
necessarily led io a considerable increase in the weight of 
the engine, which amounted to about twelve tons ; and as 
six tons was the limit allowed for engines admitted to the 
Liverpool competition, it was clear that the time was come 
when the Killingworth locomotive must imdergo a further 
important modification. 

For many years previous to this period, ingenious me- 
chanics had been engaged in attempting to solve the problem 
of the best and most economical boiler for the production of 
high-pressure steam. As early as 1803, Mr. Woolf patented 
a tubular boiler, which was extensively employed at the 
Cornish mines, and was found greatly to facilitate the pro- 
duction of steam, by the extension of the heating surface. 
The ingenious Trevithick, in his patent of 1815, seems also 
to have entertained the idea of employing a boiler con- 
structed of "small perpendicular tubes," with the same 
object of increasing the heatiag surface. These tubes were 
^to be closed at the bottom, and open into a common reser- 
voir, from which they were to receive their water, and 
where the steam of all the tubes was to be united. 

About the same time George Stephenson was trying the 
effect of introducing small tubes in the boilers of his loco 
motives, with the object of increasing their evaporatlvt* 
power. Thus, in 1829, he sent to France two engines oon- 
istructed at the Newcastle works for the Lyons and St 

V. P 
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Etienoe Bailway, in the boilera of which tubes were pkoed 
containing water. The heating sorf&oe wae thna found to 
V>e materially increased ; but the expedient was not Bucoess- 
ful, for the tubes, becoming furred with deposit, shortly 
burned out and were removed. It was then that M. Seguin, 
the engineer of the railway, pursuing the same idea, adoptad 
his plan of employing horizontal tubes through which 
the heat«d air passed in streamlets. < Mr. Henry Booth, the 
secretary of the Liverpool and Hancheater KaUway, with- 
out any knowle^e of M. Seguin's proceedings, next devised 
Ids plan of a tubular boiler, which he brought under the 
notice of Mr. Stephenson, who at once adopted it, and 
settled the mode in which the fire-box and tubes were to be 
mutually arrai^ed and connected. This plan was adopted 
in the construction of the celebrated "Eocket" engine, the 
building of which was immediately proceeded with at 
the Kewcaetle works. 

The principal circumstances connected with the construc- 
tion of Uie " Rocket," as described by Robert Stephenson to 
the author, may be briefly stated. The tubular principle 
was adopted in a more complete manner than bad yet been 
attempted. Twenty-five copper tubes, each three inches in 
diameter, extended from one end of the boiler to the other, 
the heated air passing through them on iia way to the 
chimney ; and the tubes being surrounded by the water of 
the boiler, it wiU be obvious that a latge extension of the 
ketUing surface was thus effectually secured. The principal 
difficulty was in fitting the copper tubes within the boiler 
so as to prevent leakage. They were made by a Newcastle 
Itn, and soldered to brass screws which were 
nto the boiler ends, standing out in great knobe. 
1 tubes were thus fitted, and the boiler was filled 
ir, hydraulic pressure was applied ; but the water 
lut at every joint, and the factory tloor was soon 
Robert went home in despair ; and in the first 
jf grief, he wrote to his father that the whole 
I a foUuiEi. By return of nost came a letter from 
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his fiither, telling liim that despair was not to be thought 
of — that he must " try again ;" and he suggested a mode of 
overcoming the difficulty, which his son had already antici- 
pated and proceeded to adopt. It was, to bore clean holes 
in the boiler ends, fit in the smooth copper tubes as tightly 
as possible, solder up, and then raise the steam. This plan 
succeeded perfectly, the expansion of the copper tubes com- 
pletely filling up all interstices, and producing a perfectly 
watertight boiler, capable of withstanding extreme internal 
pressure. 

The mode of employing the steam-blast for the purpose 
of increasing the draught in the chinmey, was also the 
subject of numerous experiments. When the engine was 
first tried, it was thought that the blast in the chimney 
was not strong enough to keep up the intensity of the firo 
in the furnace, so as to produce high-pressure steam in suf- 
ficient quantity. The expedient was therefore adopted of 
hammering the copper tubes at the point at which they 
entered the chimney, whereby the blast was considerably 
sharpened ; and on a further trial it was found that the 
draught was increased to such an extent as to enable abun- 
dance of steam to be raised. The rationale of the blast may 
be simply explained by referring to the efiect of contracting 
the pipe of a water-hose, by which the force of the jet 
of water is proportionately increased. Widen the nozzle of 
the pipe, and the force is in like manner diminished. So is 
it with the steam-blast in the chimney of the locomotive. 

Doubts were, however, expressed whether the greater 
draught secured by the contraction of the blast-pipe was 
not counterbalanced in some degree by the negative 
pressure, u^wn the piston. A series of experiments was 
made with pipes of different diameters; the amount oi 
vacuum produced being determined by a glass tube open 
at both ends, which was fixed to the bottom of the smoke- 
box, and descended into a bucket of water. As vhe rare- 
faction took place, the water would of course rise in the 
tube; and the height to which it rose above the surface 



212 AEEASGEMESTS OF THE -BOCKET." Ckaf. XI. 

"f the water in the bucket wae made the measure of the 
Bmmtnt of nre&ction. These experiments proved that a 
oooiiiderable increaee of draught was obtained by the con- 
traction of the oti&ce; accordingly, the two blaet-pipee 
<4Ntniiig &(nn the cylinders into either side of the " Hocket " 
chimney, and turned up within it, were contracted slightly 
bckn* the area of the steam-ports; and before the engine 
left the lactmy, the water rose in the glass tube throe 
inches above the water in tiie bucket. 

ITie other atTangemente of the "Rocket" were briefly 
these : — the boiler was cylindrical with flat ends, 6 feet 
in length, and 3 feet 4 inches in diameter. The upper 
half of the boiler was used as a reservoir for the steam, 
the lower half being filled with water. Through the lower 



part, 25 copper tubes of 3 inches diameter extended, which 
were open to the fire-box at one end, and to the chimney 
at the other. The fire-box, or furnace, 2 feet wide and 3 
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feet high, wae attached immediately behind the boiler, and 
was also surrounded T^th water. The cylinders of the 
engine were placed on each side of the boiler, in an oblique 
position, one end being nearly level with the top of the 
boiler at its after end, and the other pointing towards 
the centre of the foremost or driving pair of wheels, with 
which the connection was directly made from the piston- 
rod, to a pin on the outside of the wheel. The engine, 
together with its load of water, weighed only 4i tons, and 
was supported on four wheels, not coupled. The tender 
was four-wheeled, and similar in shape to a waggon, — 
the foremost part holding the fuel, and the hind part a 
water-cask. 

When the "Eocket" was finished, it was placed upon 
the Killingworth railway for the purpose of experiment. 
The new boiler arrangement was found perfectly sucoesfeful. 
The steam was raised rapidly and continuously, and in a 
quantity which then appeared marvellous. The same 
evening Eobert despatched a letter to his father at Liver- 
pool, informing him, to his great joy, that the " Eocket ** 
was " all right," and would be in complete working trim 
by fhe day of trial. The engine was shortly after sent 
by waggon to Carlisle, and thence shipped for LiverpooL 

The time so much longed for by George Stephenson 
had now arrived, when the merit of the passenger loco- 
motive was to be put to a public test. He had fought 
the battle for it until now almost single-handed. En- 
grossed by his daily labours and anxieties, and harassed 
by difficulties and discouragements which would have 
crushed the spirit of a less resolute man, he had held 
firmly to his purpose through good and through evD 
report. The hostility which he experienced from some 
of the directors opposed to the adoption of the locomo- 
tive, was the circumstance that caused him the greatest 
grief of all; for where he had looked for encouragement, 
be found only carping and opposition. But his pluck 
uoi'er failed him; and now the '* Eocket" was upon the 
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ground, — to prove, to use his own words, "whether he 
was a man of his word or not." 

Great interest was felt at Liverpool, as well as through • 
out the country, in the approaching competition. En 
gineers, scientific men, and mechanics, arrived from alJ 
quarters to witness the novel display of mechanical in- 
genuity on which such great results depended. The public 
generally were no indifferent spectators either. The in- 
habitants of Liverpool, Manchester, and the adjacent towns 
felt that the successful issue of the experiment would 
confer upon them individual benefits and local advantages 
almost incalculable, whilst populations at a distance waited 
for the result with almost equal interest. 

On the day appointed for the great competition of loco 
motives at Eainhill, the following engines were entered for 
the prize : — 

1. Messrs. Braithwaite and Ericsson's* "Novelty.** 

2. Mr. Timothy Hackworth's " Sanspareil." 

3. Messrs. R. Stephenson and Co.'s " Rocket." 

4. Mr. Burstall's " Perseverance." 

Another engine was entered by Mr. Brandreth of Liver- 
pool — the " Cycloped," weighing 3 tons, worked by a horse 
in a frame, but it could not be admitted to the competi- 
tion. The above were the only four exhibited, out of a 
considerable number of engines constructed in different 
parts of the country in anticipation of this contest, many of 
which could not be satisfactorily completed by the day 
of trial. 

The ground on which the engines were to be tried was 
a level piece of railroad, about two miles in length. Each 
was required to make twenty trips, or equal to a journey 



♦ The inventor of this engine 
was a Swede, who afterwards pro- 
ceeded to the United States, and 
there achieved considerable dis- 
tiiintioD as an (engineer. His Ca- 



loric Engine has so far proved a 
failure, but his iron cupola vessel, 
the *• Monitor," must be admitted 
to have been a reuiuikable succeas 
in its way 
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of 70 miles, in the course of the day ; and the average rate 
of travelling was to be not under 10 miles an hour. It 
was determined that, to avoid confuaion, each engine should 
be tried separately, and on different days. 

"The day fixed for the competition was the 1st of October, 
but to allow sufficient time to get the locomotives into good 
working order, the directors extended it to the 6th. On the 
morning of the 6th, the ground at Eainhill presented a 
lively appearance, and there was as much excitement as if 
the St. L^er wore about to bo run. Many thousand 
spectators looked on, amongst whom were some of the first 
engineers and mechanicians of the day. A stand was 
provided for the ladies ; the " beauty and fashion " of the 
neighbourhood were present, and the side of the railroad 
was lined with carriages of all descriptions. 



LocoDiiiUTB HiiapeUtloii U BoluliilL 

It was quite characteristic of the Stephensons, that, 
although their engine did not stand first on the list for trial, 
it was the first that was ready ; and it was accordingly 
ordered out by the judges for an experimental trip. Yet 
the " Socket " was by no means " the favourite " with either 
the judges or the spectators. A majority of the judges was 
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stiongly prediBposed in favour of the " Novelty," and nine- 
tenths of those present were against the " Bocket " because 
of its appearance. Nearly every person favoured some other 
engine, so that there was nothing for the " Kooket " but tha 
practical test The first trip which it made was quite 
successfuL It ran about 12 miles, without interruption, in 
about 53 minutes. 

The "Novelty" was next called out. It was a light 
engine, very compact in appearance, carrying the water 
and fuel upon the same wheels as the engine. The weight 
of the whole was only 3 tons and 1 hundredweight. A 
peculiarity of this engine was that the air was driven or 
forced through the fire by means of bellows. The day being 
now far advanced, and some dispute having arisen as to the 
method of assigning the proper load for the " Novelty," no 
particular experiment was made, further than that the 
engine traversed the line by way of exhibition, occasionally 
moving at the rate of 24 miles an hour. The " Sanspareil," 
constructed by Mr. Timothy Hackworth, was next ex- 
hibited ; but no particular experiment was made with it on 
this day. 

The contest was postponed until the following day , but 
before the judges arrived on the ground, the bellows tor 
creating the blast in the " Novelty " gave way, and it was 
found incapable of going through its performance. A defect 
was also detected in the boiler of the " Sanspareil ;" and 
some further time was allowed to get it repaired. The 
large number of spectators who had assembled to witness 
the contest were greatly disappointed at this postponement ; 
but, to lessen it, Stephenson again brought out the " Eocket," 
and, attaching to it a coach containing thirty persons, he ran 
them along the line at the rate of from 24 to 30 miles an 
hour, much to their gratification and amazement. Before 
separating, the judges ordered the engine to be in readiness 
by eight o'clock on the following morning, to go through its 
definitive trial according to the prescribed conditions. 

On the morning of the 8th October, the "Eocket'' was 
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again ready for the contest. The engine was taken to the 
extremity of the stage, the fire-box was filled with coke, the 
fire lighted, and the steam raised until it lifted the safety- 
valve loaded to a pressure of 50 pounds to the square inch. 
This proceeding occupied fifty-seven minutes. The engine 
then started on its journey, dragging after it about 13 tons 
weight in waggons, and made the first ten trips backwards 
and forwards along the two miles of road, running the 35 
miles, including stoppages, in one hour and 48 minutes 
The second ten trips were in like manner performed in 2 
hours and 3 minutes. The maximum velocity attained 
during the trial trip was 29 miles an hour, or about three 
times the speed that one of the judges of the competition 
had declared to be the limit of possibility. The average 
spe^d at which the whole of the journeys were performed 
was 15 miles an hour, or 5 miles beyond the rate specified 
in the conditions published by the Company. The entire 
performance excited the greatest astonishment amongst the 
assembled spectators ; the directors felt confident that their 
enterprise was now on the eve of success; and George 
Stephenson rejoiced to think that in spite of all false 
prophets and fi(;kle counsellors, the locomotive system was 
now safe. V\ hen the " Eocket," having performed all the 
conditions of the contest, arrived at the " grand stand " at 
the close of its day's successful run, Mr. Cropper — one of the 
directors favourable to the fix:ed-engine system — lifted up 
his hands, and exclaimed, " Now has George Stephenson at 
last delivered himself I" 

' Neither the " Novelty " nor the " Sanspareil " was ready 
for trial until the 10th, on the morning of which day an 
advertisement appeared, stating that the former engine was 
to be tried on that day, when it would perform more work 
than any engine upon the ground. The weight of the car- 
riages attached to it was only about 7 tons. The engine 
passed the first post in good style; but in returning, 
the pipe from the forcmg-pump burst and put an end to the 
fcriaL The pipe was afterwards repaired, and the engintj 
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made several trips by itself, m which it was said to have 
gone at the rate of from 24 to 2S miles an hour. 

The "Sanspareil" was not ready until the 13th; and 
when its boiler and tender were filled with water, it was 
found to weigh 4 cwt beyond the weight specified in the 
published conditions as the limit of four-wheeled engines ; 
nevertheless the judges allowed it to run on the same foot- 
ing as the other engines, to enable them to ascertain 
whether its merits entitled it to favourable consideration. 
It travelled at the average speed of about 14 miles an hour, 
with its load attached; but at the eighth trip the cold- 
water pump got wrong, and the engine could proceed no 
further. 

It was determined to award the premium to the success- 
ful engine on the following day, the 14th, on which 
occasion there was an unusual assemblage of spectators. 
The owners of the " Novelty " pleaded for another trial ; 
and it was conceded. But again it broke down. The 
owner of the " Sanspareil " also requested the opportunity 
for making another trial of his engine. But the judges had 
now had enough of feiilures; and they declined, on the 
ground that not only was the engine above the stipulated 
weight, but that it was constructed on a plan which they 
could not recommend for adoption by the directors of the 
Company. One of the principal practical objections to this 
locomotive was the enormous quantity of coke consumed or 
wasted by it — about 692 lbs. per hour when travelling — 
caused by the shai-pness of the steam-blast in the chimney, 
which blew a large proportion of the burning coke into 
the air. 

The " Persevei'anoe " was found unable to move at more 
than five or six miles an hour ; and it was withdrawn from 
the contest at an early period. The " Rocket " was thus 
the only engine that had performed, and more than per- 
formed, all the stipulated conditions ; and its owners were 
declared to be fuUy entitled to the prize of 500Z., which 
was awarded to the Messrs. Stephenson and Booth accord- 
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ingly. And further, to show that the engine had been 
working quite within its powers, Mr. Stephenson ordered it 
to be brought upon, the ground and detached from all in- 
cumbrances, when, in making two trips, it was found to 
travel at the astonishing rate of 35 miles an hour. 

The " Bocket " had thus eclipsed the performances of all 
locomotive engines that had yet been constructed, and out- 
stripped even the sanguine expectations of its constructors. 
It satisfactorily answered the report of Messrs. Walker and 
Rastrick ; and established the efficiency of the locomotive 
for working the Liverpool and Manchester Eailway, and 
indeed all future railways. The " Eocket " showed that a 
new power had been bom into the world, full of activity 
and strength, with boundless capability of work. It was the 
simple but admirable contrivance of the steam-blast, and its 
combination with the multitubular boiler, that at once gave 
the locomotive a vigorous life, and secured the triumph of 
the railway system.* It has been well observed, that this 
wonderful ability to increase and multiply its powers of 
performance with the emergency that demands them, has 
made this giant engine the noblest creation of human wit, 
the very lion among machines. The success of the Eain- 
hill experiment, as judged by the public, may be inferred 
from the fact that the shares of the Company immediately 
rose ten per cent., and nothing more was heard of the 
proposed twenty-one fixed engines, engine-houses, ropes, &c. 
All this cumbersome apparatus was thenceforward effec- 
tually disposed of. 

Very different now was the tone of those directors who 
had distinguished themselves by the persistency of their 
opposition to Mr. Stephenson's plans. Coolness gave way 
to eulogy, and hostility to unbounded offers of friendship — 
after the manner of many men who run to the help of the 
strong. Deeply though the engineer had felt aggrieved by 



* **The Rocket'* is now to bo 
seen at the Museun of Patents at 



Kensington, where it is carefully 
preseiTed. 
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the conduct pursued towards him during this eventful 
struggle, by some from whom forbearance was to have been 
expected, he never entertained towarde them in after life 
any angry feelings ; on the contrary, he forgave alL But 
though the directors afterwards passed unanimous resolu- 
tions eult^ising "the great skill and unwearied energy" of 
their engineer, he himself, when speaking confidentially to 
those with whom he was most intimate, could not help 
pointing out the difference between his "foul-weather and 
tair-weather friends." Hr. Gooch says of him that though 
naturally most cheerful and kind-hearted in his disposition, 
the anxiety and pressure which weighed upon his mind 
during the construction of the railway, had the effect of 
making him occasionally impatient and irritable, like a 
spirited horse touched by the spur ; though his original 
goodnature from time to time shone through it all. When 
the line had been brought to a successful completion, a very 
marked change in him became visible. The irritability 
passed away, and when difBcultiee and vexations arose they 
were treated by him as matters of course, and with perfect 
composure and choerfnlnesH. 
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Opening of the Livejeipool and Manohesteb Railway, 
AND Extension of the Railway System. 

The directors of the Railway now began to see daylight ; 
and they derived encouragement from the skilful manner in 
which tJieir engineer had overcome the principal difficulties 
of the undertaking. He had formed a solid road over Chat 
Moss, and thus achieved one " impossibility ;" and he had 
constructed a locomotive that could run at a speed of 30 
miles an hour, thus vanquishing a still more formidable 
difficulty. 

A single line of way was completed over Chat Moss by 
the 1st of January, 1830 ; and on that day, the "Rocket" 
with a carriage full of directors, engineers, and their friends, 
passed along the greater part of the road between Liver- 
pool and Manchester. Mr. Stephenson continued to direct 
his close attention to the improvement of the details of the 
locomotive, every successive trial of which proved more 
satisfactory. In this department he had the benefit of 
the able and unremitting assistance of his son, who, in the 
workshops at Newcastle, directly superintended the con- 
struction of the new engines required for the public work- 
ing of the railway. He did not by any means rest satisfied 
with the success, decided though it was, which had been 
achieved by the " Rocket." He regarded it but in the light 
;>f a successful experiment; and every succeeding engine 
placed upon the railway exhibited some improvement on its 
predecessors. The arrangement of the parts, and the weight 
and proportions of the engines, were altered, as the expe- 
rience of each successive day, or week, or month, suggested ; 
and it was soon found that the performances of the 
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" Bocket " on the day of trial had been greatly within the 
powers of the locomotive. 

The lirst entire trip between Liverpool and Manchester 
was performed on the 14th of June, 1830, on the occasion 
of a Board meeting being held at the latter town. The train 
was on this occasion drawn by the " Arrow," one of the 
new locomotives, in which the most recent improvements 
had been adopted. Mr. Stephenson himself drove the 
engine, and Captain Scoresby, the circumpolar navigator, 
stood beside him on the foot-plate, and minuted the speed 
of the train. A great concourse of people assembled at both 
termini, as well as along the line, to witness the novel 
spectacle of a train of carriages dragged by an engine at a 
speed of 1 7 miles an hour. On the return journey to Liver- 
pool in the evening, the " Arrow " crossed Chat Moss at a 
speed of nearly 27 miles an hour, reaching its destination 
in about an hour and a half. 

In the mean time Mr. Stephenson and his assistants were 
diligently occupied in making the necessary preliminaiy 
arrangements for the conduct of the traffic against the time 
when the line should be ready for opening. The experi- 
ments made with the object of carrying on the passenger 
traffic at quick velocities were of an especially harassing 
and anxious character. Every week, for nearly three 
months before the opening, trial trips were made to 
Newton and back, generally with two or three trains fol- 
lowing each other, and carrying altogether from 200 to 300 
persons. These trips were usually made on Saturday after 
n'X)ns, when the works could be more conveniently stopped 
and the line cleared. In these experiments Mr. Stephenson 
had the able assistance of Mr. Henry Booth, the secretary 
of the Company, who contrived many of the arrangements 
in the rolling stock, not the least valuable of which was his 
invention of the coupling screw, still in use on all passenger 
railways. 

At length the line was finished, and ready for the public 
ceremony of the opening, which took place on the ibih 
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September, 1830, and attracted a vast nmnber of spectators 
The completion of the railway was justly regarded as an 
important national event, and the opening was celebrated 
accordingly. The Duke of Wellington, then Prime Minister, 
Sir Eobert Peel, and Mr. Huskisson, one of the members 
for Liverpool, were among the number of distinguished 
public personages present. 

Eight locomotive engines, constructed at the Stephenson 
works, had been delivered and placfed upon the line, the 
whole of which had been tried and tested weeks before, 
with perfect success. The several trains of carriages accom- 
modated in all about six hundred persons. The procession 
was cheered in its progress by thousands of spectators — 
through the deep ravine of Olive Mount; up the Sutton 
incline ; over the great Sankey viaduct, beneath which a 
great multitude of persons had assembled, — carriages filling 
the narrow lanes, and barges crowding the river ; the people 
below gazing with wonder and admiration at the trains 
which sped along the line, far above their heads, at the 
rate of some 24 miles an hour. 

At Parkside, about 17 miles from Liverpool, the engines 
stopped to take in water. Here a deplorable accident oo- 
ourred to one of the illustrious visitors, which threw a deep 
shadow over the subsequent proceedings of the day. The 
" Northumbrian " engine, with the carriage containing the 
Duke of Wellington, was drawn up on one line, in order 
that the whole of the trains on the other line might pass in 
review before him and his party. Mr. Huskisson had 
alighted from the carriage, and was standing on the oppo- 
site road, along which the " Eocket " was observed rapidly 
coming up. At this moment the Duke of Wellington, 
l^tween whom and Mr. Huskisson some coolness had ex- 
isted, made a sign of recognition, and held out his hand. 
A hurried but friendly grasp was given ; and before it was 
loosened there was a general ciy from the bystanders of 
* Get in, get in 1 " Flurried and confused, Mr. Huskisson 
endeavoured to get round the open door of the carriage. 
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which projcctod over the opposite rail ; but in so doing he 
was struck down by the " Rocket, " and falling with his leg 
doubled across the rail, the limb was instantly crushed 
His first words, on being raised, were, " I have met my 
death," which unhappily proved true, for he expired that 
same evening in the parsonage of Eocles. It was cited at 
the time as a remarkable fact, that the "Northumbrian" 
engine, driven by George Stephenson himself, conveyed the 
wounded body of the unfortunate gentleman a distance of 
about 15 miles in 25 minutes, or at the rate of 36 miles an 
hour. This incredible speed bui-st upon the world with 
the e£fect of a new and unlooked-for phenomenon. 

The accident threw a gloom over the rest of the day's 
proceedings. The Duke of Wellington and Sir Robert Peel 
expressed a wish that the procession should return to Liver- 
pool It was, however, represented to them that a vast 
concourse of people had assembled at Manchester to witness 
the arrival of the trains ; that report would exaggerate the 
mischief, if they did not complete the journey ; and that a 
false panic on that day might seriously affect future railway 
travelling and the value of the Company's property. The 
party consented accordingly to proceed to Manchester, but 
on the understanding that they should return as soon as 
possible, and refrain from further festivity. 

As the trains approached Manchester, crowds of people 
were found covering the banks, the slopes of the cuttings, 
and even the railway itself. The multitude, become im- 
patient and excited by the rumours which reached them, had 
outflanked the military, and all order was at an end. The 
people clambered about the carriages, holding on by the 
door-handles, and many were tumbled over ; but, happily, 
no fiital accident occurred. At the Manchester station, the 
political element began to display itself; placards about 
" Peterloo," &o., were exhibited, and brickbats were thrown 
at the carriage containing the Duke. On the carriages 
coming to a stand in the Manchester station the Duke did 
\Dot descend, but remained seated, shaking hands with the 
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women and children who were pushed forward by the 
crowd. Shortly after, the trains returned to Livei-pool, 
which they reached, after considerable interruptions, in the 
dark, at a late hoar. 

On the following morning the railway was opened for 
public traffic. The first train of 140 passengers was booked 
and sent on to Manchester, reaching it in the allotted period 
of two hours ; and from that time the traffic has regularly 
proceeded from day to day until now. 

It is scarcely necessary that we should speak at any 
length of the commercial results of the Liverpool and Man- 
chester Eailway. Suffice it to say that its success was 
complete and decisive. The anticipations of its projectors 
were, however, in many respects at fault. They had based 
their calculations almost entirely on the heavy merchandise 
traffic — such as coal, cotton, and timber, — relying little 
upon passengers; whereas the receipts derived from the 
conveyance of passengers far exceeded those derived from 
merchandise of all kinds, which, for a time continued a sub- 
ordinate branch of the traffic. 

For some time after the public opening of the line, Mr. 
Stephenson's ingenuity continued to be employed in devising 
improved methods for securing the safety and comfort of 
the travelling public. Few are aware of the thousand 
minute details which have to be arranged — the forethought 
and contrivance that have to be exercised — to enable the 
traveller by railway to accomplish his journey in safety. 
After the difficulties of constructing a level road over bogs, 
across valleys, and through deep cuttings, have been over- 
come, the maintenance of the way has to be provided for with 
continuous car^. Every rail with its fastenings must be com- 
plete, to prevent risk of accident ; and the road must be kept 
regularly ballasted up to the level, to diminish the jolting 
of vehicles passing over it at high speeds. Then the stations 
must be protected by signals observable from such a dis- 
tance as to enable the train to be stopped in event of an 
ol)8tacle, such as a stopping or shunting train being in the 
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way. Tor some years the gignals employed ou the Liver^ 
pool railway were entirely given by men with flags of dif- 
ferent colours stationed along the line ; there were no fixed 
signals, nor electric telegraphs ; but the traflSc was never- 
theless worked quite as safely as under the more elaborate 
and complicated system of telegraphing which has since 
been established. 

From an early period it became obvious that the iron road 
as originally laid down was fitr too weak for the heavy 
traffic which it had to carry. The line was at fii*st laid 
>vith fish-bellied rails weighing thirty-five pounds to the 
yard, calculated only for horse-traffic, or, at most, for engines 
like the ** Kocket," of very light weight. But as the power 
and the weight of the locomotives were increased, it was 
found that such rails were quite insufficient for the safe 
conduct of the traffic, and it therefore became necessary to 
ro-lay the road with heavier and stronger rails at consider- 
ably increased expense. 

The details of the carrying stock had in like manner to 
be settled by experience. Everything had, as it were, to be 
begun from the beginning. The coal-waggon, it is true, 
served in some degree as a model for the railway-truck ; but 
the railway passenger-carriage was an entirely novel 
structure. It had to be mounted upon strong framing, of a 
peculiar kind, supported on springs to prevent jolting. 
Then there was the necessity for contriving some method of 
preventing hard bumping of the carriage-ends when the 
train was pulled up ; and hence the contrivance of bujffer- 
springs and spring frames. For tho purpose of stopping the 
train, brakes on an improved plan were also contrived, 
>vith new modes of lubricating the carriage axles, on which 
the wheels revolved at an unusually high velocity. In all 
these arrangements, Mr. Stephenson's inventiveness was kept 
constantly on the stretch ; and though many improvements 
iu detail have been effected since his time, the foundations 
were then laid by him of the present system of conduct- 
ing railway traffia As an illustration of the inventive 
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ingenuity which he displayed in providing for the working 
of the Liverpool line, we may mention his contrivance of the 
Self-acting Brake. Ue early entertained the idea that the 
momentum of the running train might itself be made 
available for the purpose of checking its speed. He proposed 
to fit each carriage with a brake which should be called 
into action immediately on the locomotive at the head of the 
train being pulled up. The impetus of the carriages carry- 
ing them forward, the buffer-springs would be driven home, 
and, at the same time, by a simple arrangement of the 
mechanism, the brakes would be called into simultaneous 
action; thus the wheels would be brought into a state of 
sledge, and the train speedily stopped. This plan was 
adopted by Mr. Stephenson before he left the Liverpool 
and Manchester Eailway, though it was afterwards discon- 
tinued ; but it is a remarkable fact, that this identical plan, 
with the addition of a centrifugal apparatus, has quite 
recently been revived by M. Guerin, a French engineer, and 
extensively employed on foreign railways, as the best 
method of stopping railway trains in the most efi&cient 
manner and in the shortest time. 

Finally, Mr. Stephenson had to attend to the improvement 
of the power and speed of the locomotive — always the grand 
object of his study, — with a view to economy as well as 
regularity of working. In the " Planet " engine, delivered 
upon the line immediately subsequent to the public opening, 
all the improvements which had up to that time been 
contrived by him and his son were introduced in combina- 
tion — the blast-pipe, the tubular boiler, horizontal cylinders 
inside the smoke-box, the cranked axle, and the fire-box 
firmly fixed to the boiler. The first load of goods conveyed 
from Liverpool to Manchester by the " Planet " was 80 tons 
in weight, and the engine performed the journey against a 
strong head wind in 2^ hours. On another occasion, the 
same engine brought up a cargo of voters from Manchester 
to Liverpool, during a contested election, within a space o£ 
sixty minutes ! The " Samson," delivered in the following 
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year, exhibited still further improvements, the most impor- 
tant of which was that of coupling the fore and hind wheels 
of the engine. By this means, the adhesion of the wheels 
on the rails was more efTectnally secured, and thus the full 
hauling power of the locomotive was made available. The 
** Samson," shortly after it was placed upon the line, dragged 
after it a train of waggons weighing 1 50 tons at a speed of 
about 20 miles an hour; the consumption of coke being 
reduced to only about a third of a pound per ton per 
mile. 

The success of the Liverpool and Manchester experiment 
naturally excited great interest. People flocked to Lanca- 
shire from all quarters to see the steam-coach running upon 
a railway at three times the «peed of a mailcoach, and to 
enjoy the excitement of actually travelling in the wake of 
an engine at that incredible velocity. The travellers re- 
turned to their respective districts full of the wonders of 
the locomotive, considering it to be the greatest marvel 
of the age. Eailways are familiar enough objects now, and 
our children who grow up in their midst may think little 
of them ; but thirty years since it was an event in one's life 
to see a locomotive, and to travel for the first time upon a 
public railroad. 

The practicability of railway locomotion being now proved, 
and its great social and commercial advantages ascertained, 
the general extension of the system was merely a question 
of time, money, and labour. Although the legislature took 
no initiative step in the direction of railway extension, the 
public spirit and enterprise of the country did not fail it at 
this juncture. The English people, though they may be 
defective in their capacity for organization, are strong in 
individualism ; and not improbably their admirable qualities 
in the latter respect detract from their eflBlciency in the 
former. Thus, in all times, their greatest enterprises have 
net been planned by officialism and carried out upon any 
regiJar system, but have sprung, like their constitution, 
their laws, and their entire industrial arrangements, from 
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Uie force of droomstanoes and tlie individual energies of 
the people. 

The mode of action in the case of railway extension, was 
characteristic and national. The execution of the new lines 
was undertaken entirely by joint-stock associations of 
proprietors, after the manner of the Stockton and Darling- 
ton, and Liverpool and Manchester companies. These 
associations are conformable to our national habits, and fit 
well into our system of laws. They combine the power of 
vast resources with individual watchfulness and motives of 
self-interest; and by their means gigantic undertakings, 
which otherwise would be impossible to any but kings and 
emperors with great national resources at command, were 
carried out by the co-operation of private persons. And 
the results of this combination of means and of enterprise 
have been truly marvellous. Within the life of the present 
generation, the private citizens of England engaged in 
railway extension have, in the face of Government obstruct- 
tions, and without taking a penny from the public purse, 
executed a system of communications involving works of 
the most gigantic kind, which, in their total mass, their 
cost, and their public utility, far exceed the most famous 
national undertekings of any age or country. 

Mr. StephenTls of Lie. ada.^^engaged iu the 
construction of the nimierous railways now projected by the 
joint-stock companies. The desire for railway extension 
principally pervaded the manufacturing districts, especially 
after the successful opening of the Liverpool and Manchester 
line. The commercial classes of the larger towns soon be- 
came eager for a participation in the good which they had 
so recently derided. Eailway projects were set on foot in 
great numbers, and Manchester became a centre from which 
main lines and branches were started in all directions. The 
interest, however, which attaches to thes© later schemes is 
of a much less absorbing kind than that which belongs to 
the earlier history of the railway and the steps by which it 
was mainly established. We naturally sympathise more 
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keenly with the early struggles of a great principle, its 
trials and its difficulties, than with its after stages of suc- 
cess ; and, however gratiHed and astonished we may be at 
its consequences, the interest is in a great measure gone 
when its triumph has become a matter of certainty. 

The commercial results of the Liverpool and Manchester 
line were so satisfactory, and indeed so greatly exceeded 
the expectations of its projectors, that many of the aban- 
doned projects of the speculative year 1825 were forthwith 
revived. An abundant crop of engineers sprang up, ready 
to execute railways of any extent. Kow that the Liverpool 
and Manchester line had been made, and the practicability 
of working it by locomotive power had been proved, it was 
as easy for engineers to make railways and to work them, 
as it was for navigators to find America after Columbus had 
made the first voyage. Mr. Francis Giles attached himself 
to the Newcastle and Carlisle and London and Southampton 
projects. Mr. Brunei appeared as engineer of the line pro- 
jected between London and Bristol ; and Mr. Braithwaite, 
the builder of the "Novelty" engine, acted in the same 
capacity for a railway from London to Colchester. 

The first lines constructed subsequent to the opening of 
the Liverpool and Manchester Railway, were mostly in con- 
nection with it, and principally in the county of Lancaster. 
Thus a branch was formed from Bolton to Leigh, and ano- 
ther from Leigh to Kenyon, where it formed a junction 
with the main line between Liverpool and Manchester, 
Branches to Wigan on the north, and to Euncom Gap and 
Warrington on the south of the same line, were also formed. 
A continuation of the latter, as far south as Birmingham, 
was shortly after projected under the name of the Grand 
Jimction Railway. 

The last mentioned line was projected as early as the 
year 1824, when the Liverpool and Manchester scheme was 
under discussion, and Mr. Stephenson then published a 
report on the subject. The plans were deposited, but the 
nill was thrown out through the opposition of the landowners 
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and canal proprietors. When engaged in making the sur- 
vey, Stephenson called upon some of the landowners in 
the neighhoiirhood of Nantwich to obtain their assent, and 
was greatly disgusted to learn that the agents of the 
canal companies had been before him, and described the 
locomotive to the farmers as a most frightful machine, emit- 
ting a breath as poisonous as the fabled dragon of old ; and 
telling them that if a bird flew over the district where one 
of these engines passed, it would inevitably drop down 
dead! The application for the bill was renewed in 1826, 
and again failed ; and at length it was determined to wait 
the issue of the Liverpool and Manchester experiment. The 
act was eventually obtained in 1833. 

When it was proposed to extend the advantages of rail- 
ways to the population of the midland and southern coun- 
ties of England, an immense amount of alarm was created 
in the minds of the country gentlemen. They did not 
relish the idea of private individuals, principally resident in 
the manufacturing districts, invading their domains ; and 
they everywhere rose up in arms against the " new-fangled 
roadsj." Colonel Sibthorpe openly declared his hatred of 
the " infernal railroads," and said that he " would rather 
meet a highwayman, or see a burglar on his premises, than 
an engineer!" The impression which prevailed in the 
rural districts was, that fox-covers and game-preserves 
would be seriously prejudiced by the formation of railroads ; 
that agricultural communications would be destroyed, land 
thrown out of cultivation, landowners and farmers re- 
duced to beggary, the poor-rates increased through the 
number of persons thrown out of employment by the 
railways, — and all this in order that Liverpool, Man- 
chester, and Birmingham shopkeepers and manufacturers 
might establish a monstrous monopoly in railway traffic. 

The inhabitants of even some of the large towns were 
thrown into a state of consternation by the proposal to pro- 
vide them with the accommodation of a railway. The line 
from London to Birmingham would naturally have passed 
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dose to tlie handsome town of Northampton, and was so 
projected; but the inhabitaiita of the shire, urged on by 
the local press, and excited by men of influence and educa- 
tion, opposed the project, and succeeded in forcing the pro- 
moters, in their survey of the line, to pass the town at a 
distance. When the first railway through Kent was 
projected, the line was laid out so as to pass by Maid- 
stone, the county to^vn. But it had not a single supporter 
amongst the townspeople, whilst the landowners for many 
miles round combined to oppose it. In like manner, the 
lino projected froui London to Bristol was strongly de- 
nounced by the inhabitants of the intermediate districts ; 
and when the first bill was thrown out, Eton assembled 
under the presidency of the Marquis of Chandos to con- 
gratulate the country upon its defeat. 

During the time that the works of the Liverpool and 
Manchester line were in progress, our engineer was con- 
sulted respecting a short railway proposed to be formed be- 
tween Leicester and Swannington, for the purpose of open- 
ing up a communication between the town of Leicester and 
the coal-fields in the western part of the county. The pro- 
jector of this undertaking had some difficult}'' in getting the 
requisite capital subscribed for, the Leicester townspeople 
who had money being for the most part interested in 
canals. George Stephenson was invited to come upon the 
ground and survey the line. He did so, and then the 
projector told him of the difficulty he had in finding sub- 
scribers to the concern. " Give me a sheet," said Stephen- 
son, " and I will raise the money for you in Liverpool." 
The engineer was as good as his word, and in a short time 
the sheet was returned with the subscription complete. Mr. 
Stephenson was then asked to undertake the office of en- 
gineer for the line, but his answer was that he had thirty 
miles of railway in hand, which were enough for any en- 
gineer to attend to properly. Was there any person he 
oould recommend ? " Well," said he, " I think ray son 
Robert is competent to undertake the thing.'' Would Mr. 
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Stephenson be answerable for him? " Oh, yes, certainly." 
And Kobert Stephenson, at twenty-seven years of age, was 
installed engineer of the line accordingly. 

The requisite Parliamentary powers having been ob- 
tained, Eobert Stephenson proceeded with the construction 
of the railway, about 16 miles in length, towards the end 
of 1830, The works were comparatively easy, excepting at 
the Leicester end, where the young engineer encountered 
his first stiff bit of tunnelling. The line passed under- 
ground for li mile, and 500 yards of its course lay in 
loose dry running sand. The presence of this material ren- 
dered it necessary for the engineer first to construct a 
wooden tunnel to support the soil while the brickwork was 
being executed. This proved sufBcient, and the whole was 

hmiiirht. tn a oiiravnsfnl ifrmi- 
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a ooal-viewer and practical geologist suggested to his mind 
that coal was most probably to be found underneath. He 
communicated his views to his father on the subject. The 
estate lay in the immediate neighbourhood of the railway ; 
and if the conjecture proved correct, the finding of coal 
would necessarily greatly enhance its value. He accord- 
ingly requested his fether to come over to Snibston and 
look at the property, which he did ; and after a careful in- 
spection of the ground, he arrived at the same conclusion 
as his son. 

The large manufacturing town of Leicester, about four- 
teen miles distant, had up to that time been exclusivel;^ 
supplied with coal brought by canal from Derbyshire ; and 
Mr. Stephenson saw that the railway under construction 
from Swannington to Leicester, would furnish him with a 
ready market for any coals which he might find at Snib- 
ston. Having induced two of his Liverpool friends to join 
liim in the venture, the Snibston estate was purchased in 
1831 : and shortly after, Stephenson removed his home 
from Liverpool to Alton Grange, for the purpose of super- 
intending the sinking of the pit. He travelled thither by 
gig with his wife, — his favourite horse " Bobby " perform- 
ing the journey by easy stages. 

Sinking operations were immediately begun, and pro- 
ceeded satisfactorily until the old enemy, water, burst in 
upon the workmen, and threatened to drown them out. 
But by means of efficient pumping-engines, and the skilful 
casing of the shaft with segments of cast iron — a process 
called " tubbing," * which Mr. Stephenson was the first to 
adopt in the Midland Counties — it was eventually made 
water-tight, and the sinking proceeded. When a depth of 



♦ Tubbing is now adopted in 
many cases as a substitute for 
brick-walling. The tubbing con- 
sists of short portions of cast-iron 
cyhnder fixed in segments. Each 
weighs about 4} oH., is about 3 or 



4 feet long, and about J of an inch 
thick. These pieces are fitted 
closely together, length undei 
length, and form an impermeable 
wall fdong the side of the pit 
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166 feet had been reached, a still more formidable difficulty 
present.eA itself — one which had baffled former sinkers in 
the neighbourhood, and deterred them from further opera- 
tions. This was a remarkable bed of whinstone or green- 
stone, which had originally been poured out as a sheet of 
burning lava over the denuded surface of the coal measures ; 
indeed it was afterwards found that it had turned to cinders 
one part of the seam of coal with which it had come in 
contact. The appearance of this bed of solid rock was so 
unusual a circumstance in coal mining, that some expe- 
rienced sinkers urged Stephenson to proceed no further, 
believing the occurrence of the dyke at that point to be 
altogether fatal to his enterprise. But, with his faith still 
firm in the existence of coal underneath, he fell back on 
his old motto of "Persevere." He determined to go on 
boring ; and down through the solid rock he went until, 
twenty-two feet lower, he came upon the coal measures. 
In the mean time, however, lest the boring at that point 
should prove unsuccessful, he had commenced sinking 
another pair of shafts about a quarter of a mile west of 
the " fault ; " and after about nine months' labour he reached 
the principal seam, called the " main coal." 

Tho works were then opened out on a large scale, and^ 
Mr. Stephenson had the pleasure and good fortune to send 
the first train of main coal to Leicestet by railway. The 
price was immediately reduced to about 8«. a ton, efiecting 
a pecuniary saving to the inhabitants of ihe town of about 
40,000Z. per annum, or equivalent to the whole amount then 
collected in Government taxes and local rates, besides giving 
an impetus to the manufacturing prosperity of the place, 
which has continued down to the present day. The correct 
principles upon which the mining operations at Snibston 
were conducted offered a salutary example to the neigh- 
bouring colliery owners. The numerous improvements 
there introduced were freely exhibited to all, and they were 
afterwards reproduced in many fo tus all over the Midland 
Counties, greatly to the advantage of the mining interest 
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Nor was Mr. Stephenson less attentive Ikd the comfort 
and well-beii^ of thoao immediately dependent upon hiii) 
— the workpeople of the Snibston colliery and their families. 
Unlike many of those large employera who have " sprung 
from the ranks," he was one of the kindest and most in- 
dulgent of masters. He wovdd have a fair day's work for a 
fair day's wages ; but he never forgot that the employer 
had his duties as well as his rights First of all, he attended 
to the proper home accommodation of his workpeople. He 
erected a village of comfortable cottages, each provided 
with a snug little garden. He was also instrumental in 
erecting a church adjacent to the works, aa well as Church 
schools for the education of the colliers' children ; and with 
that broad catholicity of sentiment which distinguished 
him, he further provided a chapel and a school-house for 
the use of the Dissenting portion of the colliers and their 
families — an example of benevolent liberalily which was 
not without a salutary influence upon the neighbouring 
employers. 
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idea of miHftiTig so promising an opportunity of professional 
advapcement. But the son, foreseeing the jealousies and 
heartburnings which the joint engineership would most 
probably create, recommended his father to decline the con- 
nection. George adopted the suggestion, and returning to 
the Committee, he announced to them his decision; on 
which the promoters decided to appoint him the engineer 
of the undertaking in conjunction with his son. 

This line, like the Liverpool and Manchester, was very 
strongly opposed, especially by the landowners. Numerous 
pamphlets were published, calling on the public to " beware 
of the bubbles," and holding up the promoters of railways to 
ridicule. They were compared to St. John Long and similar 
quacks, and pronounced fitter for Bedlam than to be left at 
large. The canal proprietors, landowners, and road trustees, 
made common cause against them. The failure of railways 
was confidently predicted — ^indeed, it was elaborately at- 
tempted to be proved that they had failed ; and it was in- 
dustriously spread abroad that the locomotive engines, having 
been found useless and highly dangerous on the Liverpool 
and Manchester line, were immediately to be q,bandoned in 
favour of horses — a rumour which the directors of the Com- 
pany thought it necessary publicly to contradict. 

Public meetings were held in all the counties through 
which the line would pass between London and Birming- 
ham, at which the project was denounced, and strong 
resolutions against it were passed. The attempt was made 
to conciliate the landlords by explanations, but all such 
efforts proved futile, the owners of nearly seven-eighths of 
the land being returned as dissentients. " I remember," 
said Robert Stephenson, describing the opposition, "that 
we called one day on Sir Astley Cooper, the eminent sur- 
geon, in the hope of overcoming his aversion to the railway. 
He was one of our most inveterate and influential opponents. 
His country house at Berkhampstead was situated near the 
intended line, which passed through part of his propeiiy. 
We found a courtly, fine-looking old gentleman, of very 
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taek just as th6 reverend gentleman concluded his sermon ; 
80 that, before he left the church, the deed was done, and 
the sinners had all decamped. Similar opposition was 
oiFered at many other points, but ineffectually. The labo- 
rious application of Eobert Stephenson was such, that in 
examining the country to ascertain the best line, he walked 
the whole distance between London and Birmingham 
upwards of twenty timeb. 

• When the bill went before the Committee of the Commons 
in 1832, a formidable array of evidence was produced. All 
the railway experience of the day was brought to bear in 
support of the measure, and all that interested opposition 
cotdd do was set in motion against it. The necessity for an 
improved mode of communication between London and 
Birmingham was clearly demonstrated ; and the engineering 
evidence was regarded as quite satisfactory. Not a single 
fact was proved against the utility of the measure, and ^e 
bill passed the Committee, and afterwards the third reading 
in the Commons, by large majorities. 

It was then sent to the Lords, and went into Committee, 
when a similar mass of testimony was again gone through. 
But it had been evident, from the opening of the pro- 
ceedings, that the fate of the bill had been determined 
before even a word of the evidence had been heard. 
At that time the committees were open to . all peers ; 
and the promoters of the bill found, to their dismay, 
many of the lords who were avowed opponents of the 
measure as landowners, sitting as judges to decide its fate. 
Their principal object seemed to be, to bring the proceedings 
to a termination as quickly as possible. An attempt at 
negociation was indeed made in the course of the proceed- 
ings in committee, but fetiled, and the bill was thrown out 

As the result had been foreseen, measures were taken to 
neutralise tLe effect of this decision as regarded future 
operations," Not less than 32,000/. had been expended in 
preliminary and parliamentary expenses up to this stage ; 
but the promoters determined not to look back, and forth- 
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with made aiTangements for proseouting the bill in the next 
session. Strange to say, the bill then passed both Houses 
silently and almost without opposition, The mystery was 
afterwards solved by the appearance of a circular issued by 
the directors of the company, in which it was stated, that 
they had opened " negociations " with the most influential 
of their opponents ; that '* these measures had been suc- 
cessful to a greater extent than they had ventured to 
anticipate; and the most active and formidable had been 
conciliated." An instructive commeutary on the mode by 
which these noble lords and influential landed proprietors 
had been "conciliated," was the simple fact that the 
estimate for land was nearly trebled, and that the owners 
were paid about 760,000/. for what had been originally 
estimated at 250,000/. 

The landowners having thus been "conciliated," the 
promoters of the measure were permitted to proceed with 
the formation of their great highway. Eobert Stephenson 
was, with the sanction of his father, appointed sole engineer ; 
and steps were at once taken by him to make the working 
survey, to prepare the working drawings, and arrange for 
the construction of the railway. Eighty miles of the road 
were shortly under contract; having been let within the 
estimates ; and the works were in satisfactory progress by 
the beginning of 1834. 

The difficulties encountered in their construction were 
very great ; the most formidable of them originating in the 
character of the works themselves. Extensive tunnels had 
to be driven through imknown strata, and miles of under- 
ground excavation had to be carried out in order to form a 
level road from valley to valley, under the intervening 
ridges. This kind of work was the newest of all to the 
contractors of that day. Eobert Stephenson's experience in 
the collieries of the North rendered him well fitted to 
grapple with such difficulties; yet even he, with all hia 
practical knowledge, could scarcely have forseen the serious 
obstacles which he was called upon to enooimter in executing 
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the formidable cuttings, embankments, 
and tunnels of the London and Bir- 
mingham Railway. It would be an 
uninteresting, as it woidd be a fruitless 
task, to attempt to describe the works 
in detail; but a general outline of 
their extraordinary character and ex- 
tent may not be out of place. 

The length of railway to be con- 
structed between London and Bir- 
mingham was 11 2i miles. The line 
crossed a series of low-lying districts 
separated from each other by consi- 
derable ridges of hills ; and it was the 
object of the engineer to cross the 
valleys at as high, and the hills at as 
low, elevations as possible. The high 
ground was therefore cut down and 
the "stuff" led into embankments, in 
some places of great height and extent, 
so as to form a road upon as level a 
plane as was considered practicable 
for the working of the locomotive en- 
gine. In some places, the high grounds 
were passed in open cuttings, whilst 
in others it was necessary to bore 
tjirough them in timnels with deep 
cuttings at each end. 

The most formidable excavations 
on the line are those at Tring, Den- 
bigh HaU, and Blisworth. The Tring 
cutting is an immense chasm across the 
great chalk ridge of Ivinghoe. It is 2 i- 
miles long, and for i of a mile is 57 feet 
deep. A million and a half cubic yards 
'"r of chalk and earth were taken out of 
I this cutting by means of horse-runs and 
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deposited in spoil banis ; besides the immense quantity run 
into the embankment north of the cutting, forming a solid 
mound nearly 6 miles long and about 30 feet high. Pass- 
ing over the Denbigh Hall cutting, and the Wolverton 
embankment of 1 i mile in length across the valley of the 
Oiise, we come to the excavation at Blisworth, a brief 
description of which ■will give the reader an idea of one of 
tho most difficult kinds of railway work. 

The Blisworth Cutting ia one of the longest and deepest 



grooves cut in the solid earth. It is H mile long, in some 
places 65 feet deep, passing through earth, stiff clay, and 
hard rock. Not less than a million cubic yards of these 
materials were dug, quarried, and blasted out of it One- 
third of the cutting was stone, and beneath the stono lay a 
U 2 
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thick bed of olay, under which were found beds of loose 
shale 60 full of water that almost constant pumping was 
necessary at many points to enable the works to proceed. 
For a year and a half the contractor went on fruitlessly 
contending with these difficulties, and at length he wus 
compelled to abandon the adventure. The engineer then 
took the works in hand for the Company, and they were 
vigorously proceeded with. Steam-engines were set to work 
to pump out the water ; two locomotives were put on, one 
at each end of the cutting, to drag away the excavated rock 
and clay ; and 800 men and boys were employed along the 
work, in digging, wheeling, and blasting, besides a large 
number of horses. Some idea of the extent of the blasting 
operations may be formed from the hxst that 25 barrels of 
gunpowder were used weekly ; the total quantity exploded 
in forming this one cutting being about 3,000 barrels. Con- 
siderable difficulty was experienced in supporting the bed 
of rock cut through, which overlaid the clay and shale along 
each side of the cutting. It was found necessary to hold 
it up by strong retaining walls, to prevent the clay bed 
from bulging out, and these walls were further supported 
by a strong invert, — that is, an arch placed in an inverted 
position under the road,— thus binding together the walls 
on both sides. Behind the retaining waUs, a drift or hori- 
zontal drain was provided to enable the water to run oflF, 
and occasional openings were left in the walls themselves 
for the same purpose. The work was at length brought to 
a successful completion, but the extraordinary difficulties 
encountered in forming the cutting had the effect of gi'eatly 
increasing the cost of this portion of the railway. 

The ,Tunnels on the line are eight in number, their total 
length being 7336 yards. The first high ground encoun- 
tered was Primrose Hill, where the stiff London day was 
passed through for a distance of about 1164 yards. The 
clay was close, compact, and dry, more difficult to work 
than stone itself. It was entirely free from water ; but the 
absorbing properties of the day were such that; when ^x 
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posed to the air it swelled out rapidly. Hence an unusual 
thickness of brick lining was found necessary ; and the en- 
gineer afterwards informed the author that for some time 
he entertained an apprehension lest the pressure should 
force in the brickwork altogether. It was so great that it 
made the fiice of the bricks to fly off in minute chips which 
covered his clothes whilst he was inspecting the work. The 
materials used in the building were, however, of excellent 
quality ; and the tunnel was happily brought to a completion 
without any accident. 

At Watford the chalk ridge was penetrated by a tunnel 
about 1800 yards long ; and at Northchurch, Lindslade, and 
Stowe Hill, there were other tunnels of minor extent. But 
the chief difficulty of the undertaking was the execution of 
that under the Kilsby ridge. Though not the largest, this 
is in many respects one of the most interesting works of 
the kind in England. It is about 2400 yards long, and 
runs at an average depth of about 160 feet below the sur- 
feice. The ridge under which it extends is of considerable 
extent, the famous battle of Naseby having been fought 
upon one of the spurs of the same high ground about seven 
miles to the eastward. 

Previous to the letting of the contract, the character of 
the xmderground soil was examined by trial-shafts. The 
tests indicated that it consisted of shale of the lower oolite, 
and the works were let accordingly. But they had scarcely 
been commenced when it was discovered that, at an inter- 
val between the two trial-shafts which had been sunk, about 
200 yards from the south end of the tunnel, there existed 
an extensive quicksand under a bed of clay 40 feet thick, 
which the borings had escaped in the most singular manner. 
At the bottom of one of these shafts ihe excavation and 
building of the tunnel were proceeding, when the roof at 
one part suddenly gave way, a deluge of water burst in, and 
the party of workmen with the utmost difficulty escaped 
with their lives. They were only saved by means of a raft, 
on which they were towed b;^' one of the engineers swim- 
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ming ■with the rope in Lis mouth to the lower end of the 
shaft, out of -which they were safely lifted to the daylight. 
The -works -were of course at that point immediately atopped. 
The contractor, who had undertaken the construction of 
the tunnel, was so overwhelmed by the calamity, that, 
though he was relieved by the Company from his engage- 
ment,, he took to hifl bed and shortly after died. Pumping- 
enginea were then erected for the purpose of draining off 
the water, but for a long time it prevailed, and sometimee 
even rose in the shaft The question then presented itself, 
-whether in the face of so formidable a difBcully, the works 
fihould be proceeded with or abandoned. Robert Stephen- 
son sent over ta Alton Grange for his father, and the two 
took serious counsel t<^ether. George was in favour of 
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pumping ont the water from the top by powerfiil en^nes 
erected over each shaft, until the water was mastered. 
Robert concurred in that view, and although other en- 
gineers pronounced strongly against the practicability of 
t-he scheme and advised its abandonment, the directors au- 
thorised him to proceed ; and powerful steam-engines were 
ordered to be constructed and delivered without loss of time. 

In the mean time, Rooert suggested to his father Iho 
expediency of running a drift along the heading from 
the south end of the tunnel, with the view of draining 
off the water in that way. George said he thought it 
would scarcely answer, but that it was worth a trial, at ali 
eveni» until the pumping-engines were got ready. Robert 
accordingly gave orders for the drift to be proceeded with. 
The excavators were immediately set to work; and they 
were very soon close upon the sand bed. One day, when 
the engineer, his assistants, and the workmen were clustered 
about the open entrance of the drift-way, they heard a sudden 
roar as of distant thunder. It was hoped that the water 
had burst in — for all the workmen were out of the drift, — 
and that the sand bed would now drain itself off in a natii- 
ral way. Instead of which, very little water made its 
appearance ; and on examining the inner end of the drift, 
it was found that the loud noise had been caused by the 
sudden discharge into it of an immense mass of sand, which 
had completely choked up the passage, and prevented the 
water from flowing away. 

The engineer now found that there was nothing for it 
but to sink numerous additional shafts over the line of the 
timnel at the points at which it crossed the quicksand, and 
endeavour to master the water by sheer force of engines 
and pumps. The engines erected, possessed an aggregate 
power of 160 horses ; and they went on pumping for eight 
successive months, emptying out an almost incredible quan- 
tity of water. It was found that the water, with which the 
bed of sand extending over many miles was charged, was 
to a oertain degree held back by the particles of the sand 
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itself, and that it could only percolate through at a certain 
average rate. It appeared in its flow to take a slanting 
direction to the suction of the piunps, the angle of inclina- 
tion depending upon the coarseness or fineness of the sand, 
and regulating the time of the flow. Hence the distribu- 
tion of the pumping power at short intervals along the line 
of the tunnel had a much greater effect than the concentra- 
tion of that power at any one spot It soon appeared that the 
water had found its master. Protected by the pumps, which 
cleared a space for the engineering operations — carried on 
in the midst, as it were, of two almost perpendicular walls 
of water and sand on either side — the workmen proceeded 
with the building of the tunnel at numerous points. Eveiy 
exertion was used to wall in the dangerous parts as quickly 
as possible ; the excavators and bricklayers labouring night 
and day until tho work was finished. Even while under 
the protection of the immense pumping power above de- 
scribed, it often happened that the bricks were scarcely 
covered with cement ready for the setting, ere they were 
washed quite clean by the streams of water which poured 
from overhead. The men were accordingly under the 
necessity of holding over their work large whisks of straw 
and other appliances to protect the bricks and cement at 
the moment of setting. 

The quantity of water pumped out of the sand bed during 
eight months of incessant pumping, averaged 2,000 gallons 
per minute, raised from an average depth of 120 feet. It 
is difficult to form an adequate idea of the bulk of the water 
thus raised, but it may be stated that if allowed to flow 
for three hours only, it would fill a lake one acre square to 
the depth of one foot, and if allowed to flow for one entire 
day it would fill the lake to over eight feet in depth, or 
sufficient to float vessels of 100 tons' burthen. The water 
pumped out of the timnel while the work was in progress 
would be nearly equivalent to the contents of the Thames 
at high water, between London and Woolwich. It is a 
curious circumstance, that notwithstanding the quantily 
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thus removed, the level of the surface of the water in the 
tunnel was only lowered about 2i to 3 inches per week, 
proving the vast area of the quicksand, which probably 
extended along the entire ridge of land under which the 
railway passed. 

The cost of the line was greatly increased by the diffi- 
culties encountered at Kilsby. The original estimate for 
the tunnel was only 99,000Z. ; but before it was finished it 
had cost more than lOOZ. per lineal yard forward, or a total 
of nearly 300,000Z. The expenditure on the other parts of 
the line also greatly exceeded the amount first set down by 
the engineer ; and before the works were finished it was 
more than doubled. The land cost three times more than 
the estimate ; and the claims for compensation were enor- 
mous. Although the contracts were let within the esti- 
mates, very few of the contractors were able to complete them 
without the assistance of the Company, and many became 
bankrupt. 

The magnitude of the works, which were unprecedented 
in England, was one of the most remarkable features in the 
undertaking. The following striking comparison has been 
made between this railway and one of the greatest works of 
ancient times. The Great Pyramid of Egypt was, according 
to Diodorus SiciQus, constructed by 300,000 — according to 
Herodotus, by 100,000 — ^men. It required for its execution 
twenty years, and the labour expended upon it has been 
estimated as equivalent to lifting 15,733,000,000 of cubic 
feet of stone one foot higL Whereas, if the labour ex- 
pended in constructing the London and Birmingham Bail- 
way be in like manner reduced to one common denomination 
the result, is 25,000,000,000 of cubic feet mare than was 
lifted for the Great Pyramid ; and yet the English work 
was performed by about 20,000 men in less than five years. 
And whilst the Egyptian VrorK was executed by a powerful 
monarch concentrating upon it the labour and capital of a 
great nation, the English railway was constructed, in the 
&oe of every conceivable obstruction and difficulty, by a 
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company of private individuals out of their own resouroee, 
without the aid of Government or the contribution of one 
farthing of public money. 

The labourers who executed this formidable work were 
in many respects a remarkable class. The " railway nav- 
vies," as they are called, were men drawn by the . attrac- 
tion of good wages from all parts of the kingdom; and 
they were ready for any sort of hard work. Some of the 
best came from the fen districts of Lincoln and Cambridge, 
where they had been trained to execute works of 'excava- 
tion and embankment. These old practitioners formed a 
nucleus of skilled manipulation and aptitude, which ren- 
dered them of indispensable utility in the immense under- 
takings of the period. Their expertness in all sorts of 
earthwork, in embanking, boring, and well-sinking — their 
practical knowledge of the nature of soils and rocks, the 
tenacity of clays, and the porosity of certain stratifications 
— were very great ; and, rough-looking though they were, 
many of them were as important in their own department 
as the contractor or the engineer. 

During the railway-making period the navvy wandered 
about from one public work to another — apparently be- 
longing to no country and having no home. He usually 
wore a white felt hat with the brim turned up, a vel- 
veteen or jean square-tailed coat, a scarlet plush waist- 
coat with little black spots, and a bright-coloured kerchief 
round his herculean neck, when, as often happened, it was 
not left entirely bare. His corduroy breeches were retained 
in position by a leathern strap round the waist, and were tied 
and buttoned at the knee, displaying beneath a solid calf 
and foot encased in strong high-laced boots. Joining 
together in a " butty gang," some ten or twelve of these 
men would take a contract to cut out and remove so much 
**dirt" — as they denominated edrth-cutting — fixing their 
price according to the character of the ** stuff," and the 
distance to which it had to be wheeled and tipped. The 
contract taken, every man put himself on his mettle ; if an^ 



Chap XIII. THE RAILWAY NAVVIES. 261 

was found skulking, or not putting forth his full working 
power, lie was ejected from the gang. Their powers of 
endurance were extraordinary. In times of emergency they 
would work for 12 and even 16 hours, with only short 
intervals for meals. The quantity of flesh-meat which they 
consumed was something enormous ; but it was to their 
Dones and muscles what coke is to the locomotive — the 
means of keeping up the steam. They displayed great 
pluck, and seemed to disregard periL Indeed the most 
dangerous sort of labour -^such as working horse-barrow 
runs, in which accidents are of constant occurrence — has 
always been most in request amongst them, the danger 
seeming to be one of its chief recommendations. 

Working, eating, drinking, and sleeping together, and 
daily exposed to the same influences, these railway labourers 
soon presented a distinct and well-deflned character, 
strongly marking them from the population of the districts 
in which they laboured. Reckless alike of their lives as of 
their earnings, the navvies worked hard and lived hard. 
For their lodging, a hut of turf would content them ; and, 
in their hours of leisure, the meanest public-house would serve 
for their parlour. Unburdened, as they usually were, by 
domestic ties, unsoftened by family affection, and without 
much moral or religious training, the navvies came to be 
distinguished by a sort of savage manners, which contrasted 
strangely with those of the surrounding population. Yet, 
ignorant and violent though they might be, they were 
usually good-hearted fellows in the main — frank and open- 
handed with their comrades, and ready to share their last 
penny with those in distress. Their pay-nights were often 
a saturnalia of riot and disorder, dreaded by the inhabitants 
of the villages along the line of works. The irruption of 
such men into the quiet hamlet of Kilsby must, indeed, 
have produced a very startling effect on the recluse inhabi- 
tants of the place. Robert Stephenson used to tell a story 
of the clergyman of the parish waiting upon the foreman of 
one of the gangs to expostulate with him as to the shocking 
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impropriety of his men working during Sunday. But the 
head navvy merely hitched up his trousers, and said, " Why, 
Soondays hain't cropt out here yet ! " In short, the navvies 
were little better than heathens, and the village of Kilsby 
was not restored to its wonted quiet until the tunnel-works 
were finished, and the engines and scaffoldings removed, 
leaving only the inmiense masses of debris around the line 
of shafts which extend along the top of the tunnel. 

In illustration of the extraordinary working energy and 
powers of endurance of the English navvies, we may men- 
tion that when railway-making extended to France, the 
English contractors for the works took with them gangs of 
English navvies, with the usual plant, which included 
wheelbarrows. These the English navvy was accustomed to 
run out rapidly and continuously, piled so high with 
" stuff " that he could barely see> over the summit of his 
load, the gang-board along which he wheeled his barrow. 
While he thus easily ran out some 3 or 4 cwt. at a 
time, the French navvy was contented with half the 
weight. Indeed, the French navvies on one occasion struck 
work because of the size of the English barrows, and there 
was an imevAe on the Rouen Eailway, which was only 
quelled by the aid of the military. The consequence 
was that the big barrows were abandoned to the English 
workmen, who earned nearly double the wages of the 
Frenchmen. The manner in which they stood to their 
work was matter of great surprise and wonderment to the 
French countrypeople, who came crowding round them in 
their blouses, and, after gazing admiringly at their expert 
handling of the pick and mattock, and the immense loads oi 
"dirt" which they wheeled out, would exclaim to each 
other, " Mon Dieu, voUa ! coila ces Anglais,, ccmme ils travaU- 
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Manohbstxb and Leeds, and Midland Bailwats — Ste- 
phenson's Life at Alton — Visit to Belgium — Genekai 
Extension of Bailwats and theib Besults. 

The rapidity with which railways were carried out, when 
the spirit of the country became roused, was indeed remark- 
able. This was doubtless in some measure owing to the 
increased force of the current of speculation at the time, but 
chiefly to the desire which the public began to entertain for 
the general extension of the system. It was eyen proposed 
to fill up the canals, and convert them into railways. The 
new roads became the topic of conversation in all circles ; 
they were felt to give a new value to time ; their vast 
capabilities for "business" peculiarly recommended them 
to the trading classes; whilst the friends of "progress" 
dilated on the great benefits they would eventually confer 
upon mankind at large. It began to be seen that Edward 
Pease had not been exaggerating when he said, "Let the 
country but make the railroads, and the railroads will 
make the country 1 " They also came to be regarded as 
inviting objects of investment to the thrifty, and a safe out- 
let for the accumulations of inert men of capital. Thus 
new avenues of iron road were soon in course of formation, 
branching in all directions, so that the country promised in 
a wonderfully short time to become wrapped in one vast 
network of iron. 

In 1836 the Grand Junction Eailway was under construc- 
tion between Warrington and Birmingham — the northern 
part by Mr. Stephenson, and the southern by Mr. Bastrick. 
The works on that line embraced heavy cuttings, long 
embankments, and numerous viaducts; but none of thos( 
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are worthy of any special description. Perhaps the finest 
piece of masonry on the railway is the Dutton Viaduct 
across the valley of the Weaver. It consist* of twenty 
arches of 60 feet span, springing 16 feet from the perpendi- 
cular shaft of each pier, and 60 feet in height irom the 
crown of the arches to the level of the river. The founda- 
tions of the piers were built on piles driven 20 feet deep. 
The structure has a solid and majestic appearance, and is 
perhaps the finest of Geoi^ Stephenson's viaducts. 

The Manchester and Leeds line was in prepress at the 
same time— an important railway connecting the principal 
manufacturing towns of Yorkshire and Lancashire. An 
attempt was made te obtain the Act as early as 1831 ; but 
its promoters were defeated by the powerful opposition of 
the landowners aided by the canal companies, and the pro- 
ject was not revived for several years. The line waa some- 
what circuitous, and the works were heavy; but on the 
whole the gradients were favourable, and it had the advan- 
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iage of passing through a district full of mattu&otur- 
ing towns and villages, teeming hives of population, in- 
dustry, and enterprise. The Act authorising the construc- 
tion of the railway was obtained in 1 80 6; it was greatly 
amended in the succeeding year, and the first groimd was 
broken on the 18th August, 1837. 

In conducting this project to an issue, the engineer had 
the usual opposition and prejudices to encounter. Predic- 
tions were confidently made in many quarters that the line 
could never succeed. It was declared that the utmost 
engineering skill could not construct a railway through 
such a country of hills and hard rocks ; and it was main- 
tained that, even if the railroad were practicable, it could 
only be made at a ruinous cost. 

During the progress of the works, as the Summit Tunnel, 
near Littleborough, was approaching completion, the rumour 
was spread abroad in Manchester that the tunnel had fallen 
in and buried a number of the workmen. The last arch had 
been keyed in, and the work was all but finished, when the 
accident occurred which was thus exaggerated by the lying 
tongue of rumour. An invert had given way through the 
irregular pressure of the surrounding earth and rock at a 
part of the tunnel where a " fault " had occurred in the 
strata. A party of the directors accompanied the engineer 
to inspect the scene of the accident. They entered the 
tunnel's mouth preceded by upwards of fifty navvies, each 
bearing a torch. 

After walking a distance of about half a mile, the in- 
specting party arrived at the scene of the " frightful acci- 
dent," about which so much alarm had been spread. All 
' that was visible was a certain unevenness of the ground, 
which had been forced up by the invert xmder it giving 
way ; thus the ballast had been loosened, the drain running 
along the centre of the road had been displaced, and small 
pools of water stood about. But the whole of the walls and 
tlie roof were still as perfect as at any other part of the 
tunnel. The engineer explained the cause of the accident 
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the bine ehale, he said, through which the excavation 
passed at that point, was considered so hard and firm, as 

to render it nnnecesaary to biuld the invert very strong 
there. But shale ia always a deceptive material. Subjected 
to the influence of the atmosphere, it gives bnt a treacherous 
support In this case, fiilling away like quicklime, it had 
left the lip of the invert alone to support the preasure of the 
arch above, and hence its springing inwards and upwards. 
Mr. Stephenson directed the attention of the visitors to the 
completeness of the arch overhead, where not the slighteet 
fracture or yielding could be detected. Speaking of the 
work, in the course of the same day, he said, " I wiU stake 
my character and my head, if that tunnel ever give way, so 
as to cause danger to any of the public passing through it 
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Taking it as a whole, I don't think there is such another 
piece of work in tjie world. It is the greatest work that 
has yet been done of this kind, and there has been less 
repairing than is usual, — though an engineer might well bo 
beaten in his calculations, for he cannot beforehand see into 
those little fractured parts of the earth he may meet with." 
As Stephenson had promised, the invert was put in ; and 
the tunnel was made perfectly safe. 

The construction of this subterranean road employed the 
labour of above a thousaind men for nearly four years. 
Besides excavating the arch out of a solid rock, they used 
23,000,000 of bricks, and 8000 tons of Eoman cement in 
the building of the tunnel. Thirteen stationary engines, 
and about 100 horses, were also employed in drawing the 
earth and stone out of the shafts. Its entire length is 2869 
yards, or nearly 1| mile — exceeding the fe-mous Kilsby 
Tunnel by 471 yards. 

The Midland Railway was a favourite line of Mr. Ste- 
phenson's for several reasons. It passed through a lich 
mining district, in which it opened up many valuable coal- 
fields, and it formed part of the great main line of com- 
munication between London and Edinburgh. The Act 
was obtained in 1836, and the first ground was broken in 
February, 1837. 

Although the Midland Eailway was only one of the 
many great works of the same kind executed at that 
time, it was almost enough of itself to be the achievement 
of a life. Compare it, for example 'wdth Napoleon's military 
road over the Simplon, and it will at once bo seen how 
greatly it excels that work, not only in the constructive 
skill displayed in it, but also in its cost and magnitude, and 
the amount of labour employed in its formation. The road 
of the Simplon is 45 miles in length ; the North Midland 
Railway is 72i miles. The former has 60 bridges and 5 
tunnels, measuring together 1338 feet in length; the latter 
has 200 bridges and 7 tunnels, measuring together 1 ] ,400 
feet, or about 2} miles. The fonner cost about 720,000/. 

V. s 
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dterling, the latter above 3,000,000Z. Napoleon's grand 
military road was constructed in six years, at the public 
cost of the two great kingdoms of Iranoe and Italy; wliile 
Stephenson's railway was foimed in about three years, Ly 
a company of private merchants and capitalists out of tlieir 
own funds, and under their own superintendence. 

It is scarcely necessary that we should give any account 
in detail of the North Midland works. The making of one 
tunnel so much resembles the making of another, — the 
building of bridges and viaducts, no matter how extensive, 
so much resembles the building of others, — ^the cutting out 
of " dirt," the blasting of rocks, and the wheeling of exca- 
vation into embankments, is so much a matter of mere 
time and hard work, — that is quite unnecessary for us to 
detain the reader by any attempt at their description. Of 
course there were the usual difficulties to encounter and 
overcome, — but the railway engineer regarded these as 
mere piatters of course, and would probably have been 
disappointed if they had not presented themselves. 

On the Midland, as on other lines, water was the great 
enemy to be fought against, — water in the Claycross and 
other tunnels, — water in the boggy or sandy foundations 
of bridges, — and water in cuttings and embankments. As 
an illustration of the difficulties of bridge building, we may 
mention the case of the five-arch bridge over the Derwent, 
where it took two years' work, night and day, to get in the 
foundations of the piers alone. Another curious illustra- 
tion of the mischief done by water in cuttings may be 
briefly mentioned. At a part of the North Midland Line, 
near x\mbergate, it was necessary to pass along a hillside 
in a cutting a few yards deep. As the cutting proceeded, 
a seam of shale was cut across, lying at an inclination of 
C to 1 ; and shortly after, the water getting behind the bed 
of shale, the whole mass of earth along the hill above b^au 
to move down across the line of excavation. The accident 
completely upset the estimates of the contractor, who, 
instead of 50,000 cubic yards, found that he had about 
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500,000 to remove ; the execution of llua part of the rail- 
way occui^iiig fifteen months instead of two. 

The C^kenshaw cutting near Wakefield was also of a 
very formidaUe character. About 600,000 yards of rock 
ehale and bind were quarried out of it, and led to form the 
adjoining Oakenshaw embankment. The Nonnanton cut- 
ting was almost aa heavy, requiring the removal of 400,000 
yards of the same kind of excavation into embankment and 
spoil Bnt the prt^ress of the works on the line was so 
rapid in 1839, tiiat not less than 450,000 cubic yards of 
excavation were removed monthly. 

As a curiosity in construction, we may also mention, a 
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very delicate piece of work esecuted on the same rail'way 
at Bullbridge in Derbyshire, where the line at the same 
point passes otier a bridge which here spaiis the river 
Amber, and under the bed of the Cromford Canal. Water, 
bridge, railway, and canal, were thus piled one aV — ■'^- 
other, four storiea high ; such another curious comj 
probably not existing. In order to prevent the po 
of the waters of the canal breaking in upon the ■* 
the railroad, Mr. Stephenson had an iron trough mi 
feet long, of the width of the canal, and exactly fit 
bottom. It was brought to the spot in three piecei 
were firmly welded together, and the trough w. 
floated into its place and sunk ; the whole operatia 
completed without in the least interfering with the 
tion of the canaL The railway works undemeal 
then proceeded with and finished. 
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Another line of the same series constructed by George 
Stephenson, was the York and Nortii Midland, extending 
from Normanton — a point on the Midland Eailway — to 
York ; but ii; was a line of easy formation, traversing a 
comparatively level amntry. 

During the time that our engineer was isngaged in 
superintending the execution of these undertakings, he was 
occupied upon other projected railways in various parts of 
the country. He sui-veyed several lines in the neighbour- 
hood of Glasgow, and afterwards routes along the east 
coast from Newcastle to Edinburgh, with the view of com- 
pleting the main line of communication with London. 
When out on foot in the fields, on these occasions, he was 
ever foremost in the march ; and he delighted to test the 
prowess of his companiona by a good jump at any hedge 
or ditch that lay in their way. His companions used to 
remark his singular quickness of observation. Nothing 
escaped his attention — the trees, the crops, the birds, or the 
farmer's stock ; and he was usually full of lively conversa- 
tion, everything in nature aflfording him an opportunity for 
making some striking remark, or propounding some ingeni- 
ous theory. When taking a flying survey of a new line, his 
keen observation proved very useful to him, for he rapidly 
noted the general configuration of the country, and inferred 
its geological structure. -He afterwards remarked to a 
friend, " I have planned many a railway travelling along m 
a postchaise, and following the natural line of the country." 
And it was remarkable that his first impressions of the 
direction to be taken almost invariably proved correct ; and 
there are few of the lines surveyed and^ recommended by 
him which have not been executed, either during his life- 
time or since. As an illustration of his quick and shrewd 
observation on such occasions, we may mention that when 
employed to lay- out a line to connect Manchester, through 
Macclesfield, with the Potteries, the gentleman who accom- 
panied him on the journey of inspection cautioned him to 
provide large accommodation for carrying off the water. 
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obsoiring — " Ton itmat. not judge by the appearance of the 
biooke ; for after heavy rains these hlUa pour down voluinc« 
of water, of which you oan have no conception," " Fooh ! 
pooh! don't I »ee your bridges f " replied the ^igiteer. Hu 
had noted the detaila of each ae he paseed along. 

Among the other projects which occupied his attentioD 
about the same time, were the projected lines between 
Chester and Holyhead, between Leeds and Bradford, and 
between Lancaster and Maryport by the west«m coast. 
This latt«r was intended to form part of a west-coast line to 
Scotland; Stephenson favouring it partly because of the 
flatneee of the gradients, and also because it could be formed 
at comparatively email cost, whilst it would open out a 
valuable iron-mining district, from which a large traffic in 
ironstone was expected. One of its collateral advantages, 
in the engineer's opinion, was, that by forming the railway 
directly across Moreoambe Bay, on the north-west coast of 
Lancashire, a largo tract of valuable land might be re- 
claimed from the sea, the sale of which would considerably 
reduce the cost of the worts. He estimated that by means 
of a solid embankment across the bay, not less than 
40,000 acres of rich alluvial land would be gained. He 
proposed to carry the road across the ten miles of sands 
which lie between Poulton, near Lancaster, and Humphrey 
Head on the opposite coast, forming the line in a segment 
of a circle of five miles' radius. His plan was to drive in 
pOes across the entire length, forming a solid fence of stone 
blocks on the land side for the purpose of retaining the sand 
and sQt brought down by the rivers from the interior. The 
embankment would then be raised from time to time as the 
i.he deposit accumulated, until the land was filled up to 
high-water mark ; provision being made by means of suffi- 
cient arches, for the fiow of the river wat«ra into the bay. 
The execution of the railway after this plan would, how- 
ever, have occupied more years than the promoters of the 
West Coast line were disposed to wait ; and eventually Mr. 
Locke's more direct but uneven line by Shap Fell was 
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adopted. A railway has since been carried across the bead 
of the bay; and it is not improbable that Stephenson's 
largei scheme of reclaiming the vast tract of land now left 
bare at each receding tide, may yet be carried out 

While occupied in carrying out the great railway under- 
takings which we have above so briefly described, Mr. 
Stephenson's home continued, for the greater part of the 
time, to be at Alton Grange, near Leicester. But he was 
Bo much occupied in travelling about from one conmiittee of 
directors to another — one week in England, another in 
Scotland, and probably the next in Ireland, — that he often 
did not see his home for weeks together. He had also to 
make frequent inspections of the various important and 
difficult works in progress, especially on the Midland and 
Manchester and Leeds lines ; besides occasionally going to 
Newcastle to see how the locomotive works were going on 
there. During the three years ending in 1837 — perhaps 
the busiest years of his life * — he travelled by postchaise 
alone upwards of 20,000 miles, and yet not less than six 
months out of the three years were spent in London. 
Hence there is comparatively little to record of Mr. Stephen- 
son's private Hfe at this period; during which he had 
■ scarcely a moment that he could call his own. 

His correspondence increased so much, that he found it 
necessary to engage a private secretary, who accompanied 
him on his journeys. He was himself exceedingly averse to 
writing letters. The comparatively advanced age at which 
he learnt the art of writing, and the nature of his duties 
while engaged at the Killingworth colliery, precluded that 
fecility in correspondence which only constant practice can 



• During this period he was en- 
gaged on the North Midland, ex- 
tending from Derby to Leeds ; the 
York and North Midland, from 
Normanton to York ; the Manches- 
ter and. Leeds ; the Birmingham 
and Derby, and the Sheffield and 
Botherham Eailways; tlie wholu 



of these, of which he was principal 
engineer, having been authorised 
in 1836. In that session alone, 
powers were obtained for the con- 
struction of 214 miles of new rail- 
ways under his direction, at an 
expenditure of upwards of five 
millions sterliug. 
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give. He gradually, however, acquired great fecilitj- in 
diotetion, and poaeessed the power of labouring continuouBl^ 
at Ihig work; the gentleman lyho acted as hia secretary in 
1835, hHving informed us that during his busy Beaeon he 
one daj lictated not fewer than 37 letters, several of theni 
embodying the resulte of much close thinking and calcula- 
tion. On another occasion, he diotated reports and letters 
for twelve continuous hours, until his secretary was ready to 
drop off his chair from sheer exhaustion, and at length he 
pleaded for a suspension of the labour. This great mass of 
correspondence, although closely tearing on the subjects 
under discussion, was not, however, of a kind to supply the 
biographer with matter for quotation, or give that insight 
into the life and character of the writer which the letters 
of literary men so often furnish. They were, for the most 
part, letters of mere business, relating to works in progress, 
parliamentary contests, new surveys, estimates of cost, and 
railway policy, — curt, and to the point ; in short, the letters 
of a man every moment of whose time was precious. He 
was also frequently called upon to inspect and report upon 
colliery works, salt works, brass and copper works, and such 
like, in addition to his own colliery and railway business. 
And occasionally he would run up to Loudon, for the pur- 
pose of attending in person to the preparation and deposit 
of the plans and sections of the projected undertakit^s of 
which he had been appointed engineer. 

Fortunately Stephenson possessed a facility of sleep- 
ing, which enabled him to pass through this enormous 
amount of fatigue and labour without injury to his healtti. 
He had been trained in a hard school, and could bear with 
ease conditions which, to men more softly nurtured, would 
have been the extreme of physical discomfort. Many, many 
nights he snatched his sleep while travelling in his cliaise ; 
iind at break of day he would be at work, surveying 
until dark, and this for weeks in succession. His whole. 
powers seemed to be under the control of his will, for 
lie could wake at any hour, and go to work at once. It 
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was difficult for secretaries and assistants Id keep up with 
such a man. 

It is pleasant to record that in the midst of these 
engrossing occupations, his heart remained as soft and 
loving as ever. In spring-time he would not be debarred 
of his boyish pursidt of bird-nesting ; but would go rambling 
along the hedges spying for nests. In the autiunn he went 
nutting, arid when he could snatch a few minutes he in- 
dulged in his old love of gardening. His uniform kindness 
and good temper, and his communicative, intelligent dispo- 
sition, made him a great favourite with the neighbouring 
farmers, to whom he would volunteer much valuable advice 
on agricultural operations, drainage, ploughing, and labour- 
saving processes. Sometimes he took a long rural ride on 
his favourite " Bobby," now growing old, but as fond of his 
master as ever. Towards the end of his life, "Bobby" 
lived in clover, its master's pet, doing no work; and he 
died at Tapton, in 1845,' more than twenty years old. 

During one of George's brief sojourns at the Grange, 
he found time to write to his son a touching account of a pair 
of robins that had built their nest within one of the upper 
chambers of the house. One day he observed a robin 
tiui/tering outside ihe windows, and beating its wings 
against the panes, as if eager to gain admission. He went 
up stairs, and there found, in a retired part of one of the 
rooms, a robin's nest, with one of the parent birds sitting 
over three or four young— all dead. The excluded bird 
outside still beat against the panes ; and on the window 
being let down, it flew into the room, but was so exhausted 
that it dropped upon the floor. Mr. Stephenson took up 
the bird, carried it down stairs, had it warmed and fed. 
The poor robin revived, and for a time was one of his pets. 
But it shortly died too, as if unable to recover from the 
privations it had endured during its three days' fluttering 
and beating at the windows. It appeared that the room 
had been unoccupied, and, the sash having been let down, 
the robins bad taken the opportunity of building their nest 
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within it; but the servant having closed th3 wipdow 
again, the calamity befel the birds which so strongly excited 
Mr. Stephenson's sympathies. An incident such as this, 
trifling though it may seem, gives the true key to the heart 
of the man. 

The amount of their Parliamentary business having 
greatly increased with the projection of new lines of railway, 
the Stephensons found it necessary to set up an office in 
London in 1836. George's first office was at 9, Duke Street, 
Westminster, from whence he removed in the following year 
to 30 i, Great George-street. That office was the busy scene 
of railway politics for several years. There consultations 
were held, schemes were matured, deputations were re- 
ceived, and many projectors called upon our engineer for the 
pui-pose of submitting to him their plans of railways and 
i-ailway working. His private secretary at the time has in- 
formed us that at the end of the first Parliamentary session 
in which he had been engaged as engineer for more com- 
panies than one, it became necessary for him to give 
instructions as to the preparation of the accounts to be 
rendered to the respective companies. In the simplicity of 
his heart, he directed Mr. Binns to take his full time at the 
rate of ten guineas a day, and charge the railway companies 
in the proportion in which he had been actually employed 
on their respective business duiing each day. When Kobert 
heard of this instruction, he went directly to his father and 
expostulated with him against this unprofessional course ; 
and, other influences being brought to bear upon him, 
George at length reluctantly consented to charge as other 
engineers did, an entire day's fee to each of the Companies 
for which he was concerned whilst their business was going 
forward ; but he cut down the number of days charged for 
and reduced the daily amount from ten to seven guineas. 

Besides his journeys at home, Mr. Stephenson was oi 
more than one occasion called abroad on railway business. 
Thus, at the desire of King Leopold, he made several visits 
to Belgium to assist the Belgian engineers in laying out the 
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national lines of that kingdom. That enlightened monarch 
at an early period discerned the powerful instrumentality 
of railways in developing a ooimtry's resources, and he 
determined at the earliest possible period to adopt them as 
the great high-roads of the nation. The country, being 
rich in coal and minerals, had great manufacturing capabi- 
lities. It had good ports, fine navigable rivers, abundant 
canals, and a teeming, industrious population. Leopold 
perceived that railways were eminently calcTilated to bring 
the industry of the country into full play, and to render the 
riches of the provinces available to the rest of the kingdom. 
He therefore openly declared himself the promoter of public 
railways throughout Belgium. A system of lines was pro- 
jected, at his instance, connecting Brussels with the chief 
towns and cities of the kingdom ; extending from Ostend 
eastward to the Prussian frontier, and from Antwerp south- 
ward to the French frontier. 

Mr. Stephenson and his son, as the leading railway-engi- 
neers of England, were consulted by the King on the best 
mode of carrying out his important plans, as early as 1835. 
In the course of that year they visited Belgium, and had 
several interesting conferences with Leopold and his 
ministers on the subject of the proposed railways. The 
King then appointed George Stephenson by royal ordinance 
a Knight of the Order of Leopold. At the invitation of the 
monarch, Mr. Stephenson "made a second visit to Belgium 
in 1837, on the occasion of the public opening of the line 
from Brussels to Ghent. At Brussels there was a public pro- 
cession, and another at Ghent on the arrival of the train. 
Stephenson and his party accompanied it to the Public 
Hall, there to dine with the chief Ministers of State, the 
municipal authorities, and about five hundred of the prin- 
cipal inhabitants of the city; the English Ambassa- 
dor being also present. After the King's health and a 
few others had been drunk, that of Mr. Stephenson was 
proposed; on which' the whole assembly rose up, amidst 
great excitement and loud applause, and made their way to 
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where Iio sat, in oirier to jingle glassea with him, greatlj" 
fo his jwn amazement. On the day following, our engineer 
dined with the King and Queen at their own table at 
Laaken, by special invitation; afterwards aa«mpanj-iiig 
hie Majes^ and suite to a public ball given by the 
municipality of Brussels, In honour of the opening of tlie 
line to Ghent, as well as of their distingmshed English 
guest. On entering the room, the general and excited 
inquiiy was, "Which is Stephenson?" The Engl^b 
engineer had not before imi^ined that he was esteemed to 
be so great a man. 

The London and Birmingliam Railway having been com- 
pleted iu September, 1839, after being abont five years in 
prepress, the great main system of railway communication 
between London, Liverpool, and Manchester was then 
opened to the public. For some months previously, the line 
had been partially opened, coaches performing the journey 
between Denbigh Hall (near Wolverton) and Rugby, — the 
works of the Kilsby tunnel being still incomplete. It waa 
already amnsing to hear the complaints of the travellers 
about the slowness of the coaches as compared 'with the 
railway, though the coaches travelled at the speed of ele^-^n 
miles an hour. The comparison of comfort was also greatly 
to the disparagement of the coaches. Then the railway 
ti'ain could accommodate any quantity, whilst the road con- 
veyances were limited; and when a press of travellers 
occurred — as on the occasion of the Queen's coronation— the 
greatest inconvenience was experienoed, and as much as 101. 
was paid f ir a seat on a donkey-chaise between Rugby and 
Denbigh. On the opening of tJie railway throughout, of 
course all this inconvenience and delay was brought to an 
end. 

Numerons other openings of railways constructed by Mr 
Sl«pbenson took place about the same tima The Birming. 
ham and Derby line was opened for traffic in August, 1839 ; 
the Sheffield and Kotherham in November, 1839; and in 
the course of tlie following year, the Midland, the York and 



Chai.XIV. railway OPENIXGS. 269 

North Midland, the Chester and Crewe, the Chester and 
Biikenhead, the Manchester and Birmingham, the Man- 
- ohester and Leeds, and the Maryport and Carlisle railways, 
were all publicly opened in whole or in part. Thus 321 
miles of railway (exclusive of the London and Birmingham) 
constructed under Mr. Stephenson's superintendence, at a cost 
of upwards of eleven millions sterling, were, in the course 
of about two years, added to the traffic accommodation of 
the coimtry. 

The ceremonies which accompanied the public opening 
of these lines were often of an interesting character. The 
adjoining population held general holiday; bands played^ 
banners waved, and assembled thousands cheered the pass- 
ing trains amidst the occasional booming of cannon. The 
proceedings were usually wound up by a public dinner; 
and in the course of the speeches which followed, Mr. 
Stephenson would revert to his favourite topic — the difficul- 
ties which he had early encountered in the promotion of 
the railway system, and in establishing the superiority of 
the locomotive. On such occasions he always took great 
pleasure in alluding to the services rendered to himself and 
the public by the young men brought up mider his eye — his 
pupils at first, and afterwards his assistants. No great 
master ever possessed a more devoted band of assistants 
and fellow-workers than he did. It was one of the most 
marked evidences of his own admirable tact and judgment 
that he selected, with such undeviating correctness, the men 
best fitted to carry out his plans. Indeed, the ability to 
accomplish great things, and to carry grand ideas into prac- 
tical effect, depends in no small measure on that intuitive 
knowledge of character, which Stephenson possessed in so 
remarkable a degree. 

At the dinner at York, which followed the partial open- 
ing of the York and North Midland Eailway, Mr. Stephen- 
son said, " he was sure they would appreciate his feelings 
when he told them, that when he first began railway 
business his hair was black, although it was now grey ; and 
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that he began his life*s labour as but a poor ploughboy. 
About thirty years since, he had applied himself to the 
study of how to generate high velocities by mechanical 
means. He thought he had solved that problem ; and they 
had for themselves seen, that day, what perseverance had 
brought him too. He was, on that occasion, only too 
happy to have an opportunity of acknowledging that he 
liad, in the latter portion of his career, received much most 
valuable assistance, particularly from young men brought 
up in his manufactory. Whenever talent showed itself in a 
young man he had always given that talent encouragement 
where he could, and he would continue to do so." 

That this was no exaggerated statement is amply proved 
by many facts which redound to Mr. Stephenson's credit. 
He was no niggard of encouragement and praise when he 
saw honest industry struggling for a footing. Many were 
the young men whom, in the course of his useful career, he 
took by the hand and led steadily up to honour and emolu- 
ment, simply because he had noted their zeal, diligence, 
and integrity. One youth excited his interest while work- 
ing as a common carpenter on the Liverpool and Manchester 
line ; and before many years had passed, he was recognised 
as an engineer of distinction. Another young man he 
found industriously working away at his bye-hours, and, 
admiring his diligence, engaged him for his private secre- 
tary, the gentleman shortly after rising to a position of 
eminent influence and usefulness. Indeed, nothing gave 
Mr. Stephenson greater pleasure than in this way to help 
on any deserving youth who came under his observation, 
and, in his own expressive phrase, to "make a man of 
him." 

The openings of the great main lines of railroad conmiuni- 
cation shortly proved the fallaciousness of the numerous 
rash prophecies which had been promulgated by the 
opponents of railways. The proprietors of the canals were 
astounded by the fact that, notwithstanding the immense 
traffic conveyed by rail, their own traffic and receipts con* 
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tinued to increase ; and that, in common with other in- 
terests, they fully shared in the expansion of trade and 
commerce which Jiad been so eflfectually promoted by the 
extension of the railway system. The cattle-owners were 
equally amazed to find the price of horse-flesh increasing 
with the extension of railways, and that the number of 
coaches running to and from the new railway- stations gave 
employment to a greater number of horses than under the 
old stage-coach system. Those who had prophesied the 
decay of the metropolis, and the ruin of the suburban 
cabbage-growers, in consequence of the approach of railways 
to London, were also disappointed; for, while the new 
roads let citizens out of London, they let country-peopje in. 
Their action, in this respect, was centripetal as well as cen- 
trifugal. Tens of thousands who had never seen the metro- 
polis could now visit it expeditiously and cheaply; and 
Londoners who had never visited the country, or but rarely, 
were enabled, at little cost of time or money, to see greeu 
fields and clear blue skies, far from the smoke and bustle of 
town. If the dear suburban-grown cabbages became depre- 
ciated in value, there were truck-loads of fresh-gro^vn 
country cabbages to make amends for the loss : in this case, 
the " partial evil " was a far more general good. The food 
of the metropolis became rapidly improved, especially in the 
supply of wholesome meat and vegetables. And then the 
price of coals — ^an article which, in this country, is as in- 
dispensable as daily food to all classes — was greatly reduced. 
What a blessing to the metropolitan poor is described in 
this single fact ! 

The prophecies of ruin and disaster to landlords and 
&rmers were equally confounded by the openings of the 
railways. The agricultural communications, so far from 
heing "destroyed," as had been predicted, were im- 
mensely improved. The farmers were enabled to buy 
their coals, lime, and manure for less money, while 
they obtained a readier access to the best markets for 
tiieir stock and fiirm-produce. Notwithstanding the pre- 
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dictions to the oontraiy, thsir oows gave milt as befoi'e, 
their shuep fed and fattened, and even skittish hoi-seaceased 
to shj at the paesiug locomotive. The smoke of the engines 
did not obscure the sky, nor were fermjards burnt up by 
the fire thrown &om the locomotives. The farming claeees 
were not reduced to b^^ry; on the contrary, they soon 
felt that, so far from having anything to dread, they had 
very much good to espect from the extension of rail- 
ways. 

Landlords aW found that they could get higher rents 
for ferms situated near a railway than at a distance 
from one. Hence they became clamorous for " sidinge." They 
felt it to be a grievance to bo plaoed at a distanoe from 
a station. After a railway bad been once opened, not a 
landlord would consent to have the line taken from him , 
Owners who had fought the promoters before Parliament, 
and compelled them to pass their domains at a distance, at 
a vastly-increased expense in tunnels and deviations, now 
petitioned for branches and nearer station accommodation. 
Those who held property near towns, and had extorted lai^ 
sums as compensation for the anticqtated deterioration in 
the value of Uieir building land, found a new demand for it 
springing up at greatly advanced prices. Land was now 
advertised for sale, with the attraction of being " near a 
railway station." 

The prediction that, even if railways were made, the 
public wovdd not use them, was also completely falsified by 
the results. The ordinary mode of fast travelliikg for the 
middle classes had heretofore been by mail-coach and stage- 
coach. Those who could not afford to pay the high prices 
charged for such conveyances went by wf^gon, and the 
poorer daeses trudged on foot George Stephenson was 
wont to say that he hoped to see the day when it would be 
cheaper for a jwor man to travel by railway than to walk, 
and not many years passed before his expectation was ful- 
filled. Id no country in the world is time worth more 
iiM)Dev than in England ; and by saving time — the oriterion 
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of distance — the railway proved a great benefaotor to men 
of industry in all classes. 

It was some time before the more opulent, who could 
afford to post to town in aristocratic style, became recon- 
ciled to railway travelling. In the opinion of many, it 
was only another illustration of the levelling tendencies 
of the age. It put an end to that gradation of rank in 
travelling which was one of the few things left by which 
the nobleman could bo distinguished from the Manchester 
manufacturer and bagman. But to younger sons of noble 
families the convenience and cheapness of the railway did 
not fail to recommend itself One of these, whose eldest 
brother had just succeeded to an earldom, said one day to a 
railway manager : "I like railways — they just suit young 
fellows like me with * nothing per anmmi paid quarterly.' 
You know we can't afford to post, and it lused to be deuced 
annoying to me, as I was jogging along on the box-seat of 
the stage-coach, to see the little Earl go by drawn by his 
four posters, and just look up at me and give me a nod. 
But now, with railways, it's different. It's true, he may 
take a first-class ticket, while I can only afford a second- 
class one, but we both go the same paceJ' 

For a time, however, many of the old families sent 
forward their servants and luggage by railroad, and con- 
demned themselves to jog along the old highway in the 
accustomed family chariot, dragged by country post-horses. 
But the superior comfort of the railway shortly recommended 
itseK to even the oldest families ; posting went out of date ; 
post-horses were with difficulty to be had along even the 
great high-roads ; and nobles and servants, manufacturers 
and peasants, alike shared in the comfort, the convenience, 
and the despatch of railway travelling. The late Dr. Arnold, 
of Rugby, regarded the opening of the London and Bir- 
mingham line as another great step accomplished in the 
march of civilisation. " I rejoice to see it," he said, as he 
stood on one of the bridges over the railway, and watched 
the train flashing along under him, ind away through the 

V. T 
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distant hedgerows — " I rejoice to see it, and to think t] 
feudality ie gone for ever : it is so great a blessing to thi 
that any one evil ia really extiiict." 

It waa long before the late Dute of Wellington -vfoi. 
trust himself behind a locomotive. The fatal accident 
Mr. Huafcisson, which had happened before his eyes, cont 
bated to prejudice him strongly against railways, ai 
not until the year 1843 that he performed his first 
the South- Weetem Eailway, in attendance upon her 
Prince Albert had for some time been accustomed 
by railway alone, but in 1842 the Queen began to i 
of the same mode of conveyance between Wind 
London. Even Colonel Sibthorpe was eventually a 
to acknowledge its utility. For a time he continuei 
to and from the country as before. Then he compromised 
the matter by taking a railway ticket for the long journey, 
and posting only a stage or two nearest town ; until, at 
length, he nndisguisedly committed himself, Kko other 
people, to the express train, and performed the journey 
throughout upon what ha had formerly denounced as " the 
infernal railroad." 
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While George Stephenson waa engaged in canying on the 
works of the Midland Railway in the ne^hbourhood of 
Chesterfield, several seams of coal were cut through in the 
Claycross Tunnel, and it occurred to him that if mines were 
opened out there, the railway would provide the means of a 
ready sale for the article in the midland counties, and aa fer 
south as even the metropolis itself. 
At a time when everybody else was sceptical as to the 
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possibility of couls lieing carried from the midbind raunties 
to Lonilon, and sold there at a price to compete 'with ttioae 
which were seaborne, he declared his firm conTiction that 
the time was &st approaching when the London market 
would be r^ularly BUj^lied with north-covmtry coals led by 
railway. One of the greateet advantagefl of railways, in Lis 
opinion was that they would bring iron and coal, the staple 
products of (be country, to the doors of all England, " The 
strength of Britain." he would say, " lies in her iron and ooal 
beds ; and the locomotive is destined, above all other r^encies, 
to bring it foriJiu The Lord Chancellor now sits upon a bag 
of wool ; but wool has long ceased to be emblematical of the 
staple commodity of England. He ought rather to sit upon 
a bag of ooaU, though it might not prove quite so comfort- 
able a seat Then think of the Lord Chancelkir being 
addressed as the noble and learned lord on the coal-sack I I 
am afiuid it wouldn't answer, after alL" 

To one gentleman ho said ; " We want from the coal- 
mining, the iron-producing and manufacturing districts, a 
great railway for the carriage of these valuable products. 
We want, if I may so say, a stream of steam running 
directly through the country, from the Koi-th to London, 
and from other similar districts to London. Speed is not 
80 much an object as utility and cheapnefia. It will not do 
to mix up the heavy merchandize and coal trains with the 
passenger trains. Coal and most kinds of goods can wait ; 
but passengers will not. A less perfect road and less 
expensive works will do well enough for coal trains, if mn 
at a low speed ; and if the line be flat, it is not of much 
consequence whether it be direct or not Whenever you 
put passenger trains on a line, all the other trains must be 
run at high speeds to keep out of their way. But co.' 
trains run at high speeds pull the road to pieces, beaidi*^ 
causing large expenditure in locomotive power; and 1 
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and Darlington Company made a larger profit when running 
coal at low speeds at a halfpenny a ton per mile, than they 
have been able to do since they put on their fast passenger 
ti*ains, when everything must needs be run faster, and a 
much larger proportion of the gross receipts is absorbed by 
"working expenses." 

In advocating these views, Mr. Stephenson was con- 
siderably ahead of his time ; and although he did not live 
to see his anticipations fiilly realised as to the supply of the 
London coal-market, he was nevertheless the first to point 
out, and to some extent to prove, the practicability of 
establishing a profitable coal trade by railway between the 
northern counties and the metropolis. So long, however as 
the traffic was conducted on main passenger lines at 
comparatively high speeds, it was found that the expendi- 
ture on tear and wear of road and locomotive power, — ^not 
to mention the increased risk of carrjang on the first-class 
passenger traffic with which it was mixed up, — necessarily 
left a very small margin of profit ; and hence Mr. Stephen- 
son was in the habit of urging the propriety of constructing 
a railway which should be exclusively devoted to goods and 
mineral traffic run at low speeds as the only condition on 
which a large railway traffic of that sort could be profitably 
conducted. 

Having induced some of his Liverpool fi-iends to join him 
in a coal-mining adventure at Chesterfield, a lease was 
taken qf the Claycross estate, then for sale, and operations 
were shortly after begun. At a subsequent period Mr. 
Stephenson extended his coal-mining operations in the same 
neighbourhood; and in 1841 he himself entered into a con- 
tract with owners of land in adjoining townships for the 
working of the coal thereunder; and pits were opened on the 
Tapton estate on an extensive scale. About the same time 
he erected great lime-works, close to the Ambergate station 
of the Midland Railway, from which, when in full operation 
he was able to turn out upwards of 200 tons a day. The 
limestone was brought on a tramway from the village oJ 
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Crich, 2 or 3 miles distant, the coal being supplied from his 
adjoining Claycross colliery. Tlie works were on a scale 
euch as liad not before been attempted by any private 
individual engaged in a similar trade ; and we believe they 
proved veiy successfuL 



Lime Works al Ambergote, 

Tapton House was included in the lease of one of tie 
collieries, and as it was conveniently situated — being, as it 
were, a central point on the Midland Eailway, from which 
he could readily proceed north or south, on his journeys 
of inspection of the various lines then under construction 
in the midland and northern counties,^ — he took up his 
residence there, and it continued his home until the close of 
his life. 

Tapton House is a lai^ roomy brick mansion, beauti- 
fully situated amidst woods, upon a commanding eminence, 
about a mile to the north-east cf the town of Chestarfield. 
Green fields dotted with fine trees slope away from the 
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house iii all directions. The surrounding country is undu- 
lating and highly picturesque. North and south the eye 
ranges over a vast extent of lovely scenery; and on the 
west, looking over the town of Chesterfield, with its church 
and crooked spire, the extensive range of the Derbyshire 
hills bounds the distance. The Midland Railway skirts the 
western edge of the park in a deep rock cutting, and the 
shrill whistle of the locomotive sounds near at hand as 
the trains speed past. The gardens and pleasure-grounds 
adjoining the house were in a very neglected state when 
Mr. Stephenson first went to Tapton ; and he promised 
himself, when he had secured rest and leisure from busi- 
ness, that he would put a new face upon both. The first 
improvement he made was cutting a woodland footpath up 
the hill-side, by which he at the same time added a beauti- 
ful feature to the park, and secured a shorter road to the 
Chesterfield station. But it was some years before he 
found time to carry into effect his contemplated improve- 
ments in the adjoining gardens and pleasure-grounds. He 
had so long been accustomed to laborious pursuits, and 
felt himself still so full of work, that he could not at once 
settle down into the habit of quietly enjoying the fruits of 
his industry. 

He had no difficulty in usefully employing his time. Be- 
sides directing the mining operations at ClayCTOss, the 
establishment of the lime-kilns at Ambergate, and the con- 
struction of the extensive railways still in progress, be 
occasionally paid visits to Newcastle, where his locomotive 
manufectory was now in full work, and the proprietors 
were reaping the advantages of his early foresight in an 
abundant measure of prosperity. One of his most interest- 
ing visits to the place was in 1838, on the occasion of the 
meeting of the British Association there, when he acted as 
one of the Vice-Presidents in the section of Mechanical 
Science. Extraordinary changes had occurred in his own 
fortunes, as well as in the face of the country, since he had 
first appeared before a scientific body in Newcastle — the 
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memben of the Literary and Philosophical Iiustitnte — -to 
submit hifl safety-lamp for theii examination. Ti?renty- 
threo years had passed over his head, full of honest ^work, 
of manful struggle ; and the humble '* colliery engine^wxight 
of the name of Stephenson " had achieved an ahnoet -world- 
wide reputation as a public benefactor. His fello-w-tovens- 
men, therefore, could not hesitate to recognise his merits 
and do honour to his name. During the sittings of the 
Association, Mr. Stephenson took the opportuniiy of paying 
a visit to Eillingworth, accompanied by some of tlie dis- 
tingpiished savans^ whom he numbered amongst his f idend& 
He there poiuted out to them, with a degree of iionest 
pride, the cottage in which he had lived for so many years, 
showed what parts of it had been his own handiwork, and 
told them the story of the sun-dial over the door, desc^bing 
the study and the labour it had cost him and his son to 
calculate its dimensions, and fix it in its place. The dial 
had been serenely numbering the hours through the busy 
years that hsA elapsed since that humble dwelling had been 
his home ; during which the Killingworth locomotive had 
become a great working power, and its contriver had esta- 
blished the railway system, which was now rapidly becoming 
extended in all parts of the world. 

About the same time, his services were very much in 
request at the meetings of Mechanics' Institutes held 
throughout the northern counties. From an early period 
in his history, he had taken an active interest in these 
institutions. While residing at Newcastie in 1824, shortly 
after his locomotive foundry had been started in Forth- 
street, he presided at a public meeting held in that town 
for the purpose of establishing a Mechanics' Institute. The 
meeting was held ; but as George Stephenson was a man 
comparatively unknown even in Newcastie at that time, 
his name failed to secure "an influential attendance." 
Among those who addressed the meeting on the occasion 
Was Joseph Locke, then his pupil, and afterwards his rival 
as an engineer. The local papers sc^ircely noticed the pro 
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ooedings; yet the Mechanics' Institute was founded, and 
struggled into existence. Years passed, and it was now 
felt to be an honour to secure Mr. Stephenson's presence at 
any public meetings held for the promotion of popular edu- 
cation. Among the Mechanics' Institutes in his immediate 
neighbourhood at Tapton, were those of Belperand Chester- 
field ; and at their soirees he was a frequent and a welcome 
visitor. On these occasons he loved to teU his auditors of 
the difficulties which had early beset him through want of 
knowledge, and of the means by which he had. overcome 
them. His grand text was — Persevere; and there was 
manhood in tiie very word. 

On more than one occasion, the author had the pleasure 
of listening to George Stephenson's homely but forcible 
addresses at the annual soirees of the Leeds Mechanics' 
Institute. He was always an immense favourite with his 
audiences there. His personal appearance was greatly in 
his favour. A handsome, ruddy, expressive face, lit up by 
bright dark-blue eyes, prepared one for his earnest words 
when he stood up to speak and the cheers had subsided 
which invariably hailed his rising. He was not glib, but 
he was very impressiva And who, so well as he, could 
serve as a guide to the working man in his endeavours after 
higher knowledge ? His early life had been all struggle — 
encounter with difficulty — ^groping in the dark after greater 
light, but always earnestly and perseveringly. His words 
were therefore aU the more weighty, since he spoke from 
the fulness of his own experience. 

Nor did he remain a mere inactive spectator of the im- 
provements in railway working which increasing experience 
from day to day suggested. He continued to contrive im- 
provements in the locomotive, and to mature his invention 
of the carriage- brake. When examined before the Select 
Committee on Eailways in 1841, his mind seems principally 
to have been impressed with the necessity which existed 
for adopting a system of self acting brakes ; stating that, in 
his opinion, this was the most important arrangement that 
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ouuld be proTided for inoreaeing the Bafety of r&Uvay 
travelling. " I believe," he said, " that if eelf-acting brakes 
were put upon overy canine, ecarcelj an; accident could 
take place." His plan consisted in employing the mo- 
mentum of the running train to throw his proposed brakes 
into action, immediately on the moving power of the engine 
being checked. He would aleo have these brakes under 
the control of the guard, by means of a connecting line 
running along the whole length of the train, by which they 
should at once be thrown out of gear when necessary. At 
the same time he auggestedi as an additional means of 
safety, that the signals of the line should be eelf-acting, and 
worked by the locomotives as they passed along the railway. 
He considered the adoption of this plan of so much im- 
portance, that, with a view to the puhlio safety, he would 
even have it enforced opon railway companies by the legis- 
lature. At the same time he was of opnion that it wae 
the interest of the companies themselves to adopt the plan, 
as it would save great tear and wear of engines, carrif^es, 
tenders, and brake-vans, besides greatly diminishing the 
risk of accidents upon railways. 

While before the name Committee, he took the oppor- 
tunity of slating his views with reference to railway speed, ■ 
about which wild ideas were then afloat— one gentleman of 
oelebrily having publicly expressed the opinion that a 
speed of 100 miles an hour was practicable in railway tra- 
velling 1 Not many years had passed since George Stephen- 
son had been pronoimced insane for stating his conviction 
that 1 2 miles an hour could be performed by the locomotive ; 
but now that he had established the fact, and greatly ex- 
ceeded that speed, he was thought behind the age because 
he recommended the rat« to be limited to 40 miles an hour. 
He said : " I do not like either 40 or 60 miles an hour upon 
any line — 1 think it is an unnecessary speed ; and if there is 
danger upon a railway, it is hign velocity that creates it 
i should say no railway onght to exceed 40 miles an hour 
on the most favourable gradient ; but upon a curved iiu 
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tlie speed ought not to exceed 24 or 25 miles an hour.'* 
He had, indeed, constructed for the Great Western Kailway 
an engine capable of mnning 50 nnles an hour with a load, 
and 80 miles without one. But he never was in feivour oi 
a hurricane speed of this sort, believing it • could only be 
accomplished at an unnecessary increase both of danger and 
expense. 

"It is true," he observed on othjr occasionj^, "I have 
said the locomotive engine might be made to travel 100 
miles an hour ; but I always put a qualification on this, 
namely, as to what speed would best suit the public. The 
public may, however, be unreasonable ; and 50 or 60 miles 
an hour is an unreasonable speed. Long before railway 
travelling became general, I said to my friends that there was 
no limit to the speed of the locomotive, provided the works 
could he made to stand. But there are limits to the strength 
of iron, whether it be manufactured into rails or loco- 
motives ; and there is a point at which both rails and tyres 
must break. Every increase of speed, by increasing the 
strain upon the road and 'the rolling stock, brings us nearer 
to that point. At 30 miles a slighter road will do, and less 
perfect rolling stock may be run upon it with safety. But 
if you increase the speed by say 10 miles, then everything 
must be greatly strengthened. You must have heavier 
engines, heavier and better-fastened rails, and all your 
working expenses vdll be immediately increased. I think 
I know enough of mechanics to know where to stop. I 
know that a pound will weigh a pound, and that no more 
should be put upon an iron rail than it will bear. K you 
could ensure perfect iron, perfect rails, and perfect loco- 
motives, I grant 50 nules an hour or more might be run 
with safety on a level railway. But then you must not 
forget that iron, even the best, will ' tire,' and with constant 
use wiU become more and more liable to break at the 
weakest point — ^perhaps where there is a secret flaw that 
the eye cannot detect. Then look at the rubbishy rails 
now manufactured on the contract system — some of them 
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little better than cast metal: indeed, I have seen railH 
break merely on being thrown from the tmck on to the 
ground. How is it possible for such rails to stand a 20 or 
30 ton engine dashing over them at the speed of 50 miles 
an hour ? No, no," he would conclude, " I am in favour of 
low speeds because they are safe, and because they are 
economical ; and you may rely upon it that, beyond a certain 
point, with every increase of speed there is an increase in 
thfe element of danger." 

When railways became the subject of popular discussion, 
many new and unsound theories were started with reference 
to them, which Stephenson opposed as calculated, in his 
opinion, to bring discredit on the locomotive system. One 
of these was with reference to what were called " undu- 
lating lines." Among others. Dr. Lardner, who had origi- 
nally been somewhat sceptical about the powers of the 
locomotive, now promulgated the idea that a railway con- 
structed with rising and fallen gradients would be practically 
as easy to work as a line perfectly level. Mr. Badnell went 
even beyond him, for he held that an undulating railway 
was much better than a level one for purposes of working. 
For a time, this theory found favour, and the " undulating 
system " was extensively adopted ; but Mr. Stephenson 
never ceased to inveigh against it; and experience has 
amply proved that his judgment was correct. His practice, 
from the beginning of his career until the end of it, was to 
secure a road as nearly as possible on a level, following the 
course of the valleys and the natural line of the country : 
preferring to go round a hill rather than to tunnel under it 
or carry his railway over it, and often making a consider- 
able circuit to secure good, workable gradients. He studied 
to lay out his lines so that long trains of minerals and 
merchandise, as well as passengers, might be hauled along 
them at the least possible expenditure of locomotive power. 
He had long before ascertained, by careful experiments a1 
Killingworth, that the engin*^ expends half of its power in 
overcoming a rising gradient, of 1 in 260, which is about 
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iO feet in the mile ; and that when the gradient is so steep 
as 1 in 100, not less than three-fourths of its power is 
sacrificed in ascending the acclivity. He never forgot the 
valuable practical lesson taught him by the early trials 
which he had made and registered long before the advan- 
tages of railways had been recognised. He saw clearly 
that the longer flat line must eventually prove superior to 
tlie shorter line of steep gradients as respected its paying 
qualities. He urged that, after all, the power of the loco- 
motive was but limited ; and, although he and his son had 
done more than any other men to increase its working 
capacity, it provoked him to find that every improvement 
made in it was neutralised by the steep gradients which 
the new school of engineers were setting it to overcome. 
On one occasion, when Kobert Stephenson stated before a 
Parliamentary Committee that eveiy successive improve- 
ment in the locomotive was being rendered virtually nuga- 
tory by the difficult and almost impracticable gradients 
proposed on many of the new lines, his father, on his 
leaving the witness-box, went up to him, and said, " Eobert, 
you never spoke truer words than those in all your life." 

To this it must be added, that in urging these views 
Mr. Stephenson was strongly influenced by commercial 
considerations. He had no desire to build up his reputa- 
tion at the expense of railway shareholders, nor to obtain 
engineering eclat by making " ducks and drakes " of their 
money. He was persuaded that, in order to secure the 
practical success of railways, they must be so laid out as not 
only to prove of decided public utility, but also to be worked 
economically and to the advantage of their proprietors. 
They were not government roads, but private ventures — in 
fact, commercial speculations. He therefore endeavoured 
to render them financially profitable; and he repeatedly 
declared that if he did not believe they could be " made to 
pay," he would have nothing to do with them. He was 
not influenced by the sordid consideration of what he could 
make out of any company that employed him ; indeed, in 



2B6 ATMOSPHEaiC EAILWAYS. Chap. XT 

ruuiy cases he voluntarily gave up his claim to FeinuDora- 
tiou where the promoters of schemes which he thought 
praiseworthy had suffered serious loss. Thus, w^hen the 
first application waa made to Parliament for the Chester 
and Birkenhead Railway Bill, the promoters were defeated. 
I'hey repeated theii" application, on the understanding that 
in event of their Buooeediog, the engineer and surveyor 
were to be paid their costs in respect of the defeated zuea- 
Bure. The Bill was feuccesaful, and to several parties their 
costs were paid. Mr. Stephenson's amounted to SOOZ., and 
he very nobly said, "You have had an expensive career 
in Parliament; you have had a great struggle ; you are a 
young Company; you cannot afford to pay me this amount 
of money ■ I will reduce it to 2001., and I will not ask you 
for that 200Z. until your shares are at 20'. premium : for 
whatever may be the reverses you will go through, I am 
satisfied I shall live to see the day when your shares will 
be at 202. premium, and when I can legally and honourably 
claim that 2002." We may add that the shares did eventu- 
ally rise to the premium specified, and the engineer was no 
loser by his generous conduct in the transaction. 

Another novelty of the time, with which Geoi^ Stephen- 
son had to contend, was the substitution of atmospheric 
pressure for locomotive steam-power in the working of 
railways. The idea of obtaining motion by means of 
atmospheric pressure is said to have originated with Denis 
Papin, more than 150 years ago; but it slept until revived 
in 1810 by Mr. Medhurst, who published a pamphlet to 
prove the practicability of carrying letters and goods by 
air. In 1324, Mr. Yallance of Brighton took out a patent 
for projecting passengers through a tube lai^ enough to 
contain a train of carriages; the tube being previously 
exhausted of its atmospheric air. The same idea was 
afterwards taken up, in 1835, by Mr. Pinkus, an ingenious 
American. Scientific gentlemen. Dr. Lardner and Mr. 
Clegg amongst others, advocated the plan ; and an associa- 
tion tras formed to carry it into effect. Shares were 
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created, and 18,000/. raised : and a model apparatus was 
exhibited in London. Mr. Vignolles took his friend Ste- 
phenson to see the model ; and after carefully examining 
it, he observed emphatically, " It won't do : it is only the 
fixe-d engines and ropes over again, in another form ; and, 
to lell you the truth, I don't think this rope of wind will 
answer so well as the rope of wire did." He did not think 
the principle would stand the test of practice, and he 
objected to the mode of applying the principle. After all, 
it was only a modification of the stationary-engine plan; 
and every day's experience was proving that fixed engines 
could not compete with locomotives in point of efficiency 
and economy. He stood by the locomotive engine; and 
subsequent experience proved that he was right 

Messrs. Clegg and Samuda afterwards, in 1840, patented 
their plan of an atmospheric railway; and they publicly 
tested its working on an unfinished portion of the West 
London Eailway. The results of the experiment were so 
satisfactory, that the directors of the Dublin and Kingstown 
line adopted it between Kingstown and Dalkey. The 
London and Croydon Company also adopted the atmo- 
spheric principle ; and their line was opened in 1845. The 
ordinary mode of applying the power was to lay between 
the line of rails a pipe, in which a large piston was inserted, 
and attached by a shaft to the framework of a carriage. 
The propelling power was the ordinary pressure of the 
atmosphere acting against the piston in the tube on one 
side, a vacuum being created in the tube on the other side 
of tlie piston by the working of a stationary engine. Great 
was the popularity of the atmospheric system; and still 
George Stephenson said " It won't do : it's but a gimcrack." 
Engineers of distinction said he was prejudiced, and that 
he looked upon the locomotive as a pet child of his own. 
" Wait a little," he replied, " and you will see that I am 
right." It was generally supposed that the locomotive 
tystem was about to be snuffed out. " Kot so fast" said 
Stephenson. " Iiek Vi& wait to tee if it will pay," Ho never 
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believed it wonlcL It was ingenious, clever, scientific, and 
all that ; but railways were commercial enterprises, not 
toys ; and if the atmospheric railway could not work to a 
profit, it would not do. Considered in this light, lie even 
went so far as to call it " a great humbug." " NotJiiiig vdll 
beat the locomotive," said he, " for efficiency in all weathers, 
for economy in drawing loads of average weight, and for 
power and speed as occasion may require." 

The atmospheric system was fairly and fiilly tried, and it 
was found wanting. It was admitted to be an exceedingly 
elegant mode of applying power ; its devices were very 
skilful, and its mechanism was most ingenious, But it was 
costly, irregular in action, and, in particular kinds of 
weather, not to be depended upon. At best, it was but a 
modification of the stationary-engine system, and experience 
proved it to be so expensive that it was shortly after entirely 
abandoned in favour of locomotive power.* 

One of the remarkable results of the system of railway 
locomotion which Geoi^e Stephenson had by his persevering 
labours mainly contributed to establish, was the outbreak 
of the railway mania towards the close of his professional 
career. The success of the first main lines of i-ailway 
naturally led to their extension into many new districts; 
but a strongly speculative tendency soon began to display 
itself, which contained in it the elements of great danger. 

The extension of railways had, up to the year 1844, been 
mainly effected by men of the commercial classes, and the 
shareholders in them principally belonged to the manufac- 
turing districts, — the capitalists of the metropolis as yet 



* The quefltion of the specific 
lUtirits of the atmoBpheric as com 
pared with the fixed engine and 
locomotive systems, will be found 
fully discussed in Robert Stephen- 
son's able * Report on the Aimo 
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holding aloof, and prophesying disaster to all concerned in 
railway projects. But when the lugubrious anticipations of 
Ihe City men were found to be so entirely falsified by the 
results— when, after the lapse of years, it was ascertained 
that railway trajffic rapidly increased and dividends steadily 
improved — a change came over the spirit of the London 
capitalists. They then invested largely in railways, the 
shares in which became a leading branch of business on the 
Stock Exchange, and the prices of some rose to nearly 
double their original value. 

A stimulus was thus given to the projection of farther 
lines, the shares in most of which came out at a premium, 
and became the subject of immediate traffic. A recklest) 
spirit of gambling set in, which completely changed the 
character and objects of railway enterprise. The public 
outside the Stock Exchange became also infected, and many 
persons utterly ignorant of railways, knowing and caring 
nothing about their national uses, but hungering and thirst- 
ing aft^r premiums, rushed eagerly into the vortex. They 
applied for allotments, and subscribed for shares in lines, of 
the engineering character or probable traffic of which they 
knew nothing. Provided they could but obtain allotments 
which they could sell at a premium, and put the profit — in ' 
many cases the only capital they possessed * — into their 
pocket, it was enough for them. The mania was not con- 
fined to the precincts of the Stock Exchange, but infected 
all ranks. It embraced merchants and manufacturers, 
gentry and shopkeepers, clerks in public offices, and loungers 
at the clubs. Noble lords were pointed at as "stags;" 
there were even clergymen who were characterised as 
** bulls ;" and amiable ladies who had the reputation of 



* The Marquis of Glanricarde 
brought under the notice oS the 
House of Lords, in 1845^ Hb&t one 
Charles Guernsey, the son of a 
filiarwoman, and a clerk in a bro- 
ker's office, at 12«. a week, had his 
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shares in the London and York 
line, for 52,000Z. Doubtless he had 
been made useful for the purpo»9 
by the brokers, his ompbyers. 
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** beirs," in the share markets. The few quiet men wlio re- 
mained uninfluenoed by the speculation of the time were, in 
not a few cases, even reproached for doing injustice to their 
families, in declining to help themselves from the stores of 
wealth that were poured out on all sides. 

Folly and knayery were, for a time, completely in the 
ascendant. The sharpers of society were let loose, and 
jobbers and schemers became more and more plentifoL 
They threw out railway schemes as lures to catch the 
unwary. They fed the mania with a constant succession of 
new projects. The railway papers became loaded with their 
advertisements. The post-office was scarcely able to distri- 
bute the multitude of prospectuses and circulars which they 
issued. For a time their popularity was immense. They 
rose like froth into the upper heights of society, and the 
flunkey FitzPlushe, by virtue of his supposed wealth, sat 
amongst peers and was idolised. Then was the harvest- 
time of scheming lawyers, parliamentary agents, engineers, 
surveyors, and traffic-takers, who were ready to take up 
any railway scheme however desperate, and to prove any 
amount of traffic even where none existed. The traffic in 
the credulity of their dupes was, however, the great feet 
' that mainly concerned them, and of the profitable character 
of which there could be no doubt. 

Mr. Stephenson was anxiously entreated to lend his name 
to prospectuses during the railway mania ; but he invariably 
refused. He held aloof from the headlong folly of the hour, 
and endeavoured to check it, but in vain. Had he beien 
less scrupulous, and given his countenance to the numerous 
projects about which, he was consulted, he might, without 
any trouble, have thus secured enormous gains ; but he had 
QO desire to accumulate a fortune without labour and with- 
out honour. He himself never speculated in shares. When 
he was satisfied as to the merits of any undertaking, he 
subscribed for a certain amount of capital in it, and held 
. on, neither buying nor selling. At a dinner of the Leeds 
and Bradf(;rd directors at Ben Bydding in October, 1844, 
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before the mania had reached its height, he warned those 
present against the prevalent disposition towards railway 
spectilation. It was, he said, like walking upon a piece of 
ice with shallows and deeps ; the shallows were frozen over, 
and they would carry, but it required great caution to get 
over the deeps. He was satisfied that in the course of the 
next year many would step on to places not strong enough 
to carry them, and would get into the deeps ; they would 
be taking shares, and afterwards be unable to pay the calls 
upon them. Yorkshiremen were reckoned clever men, and 
his advice to them was, to stick together and promote com- 
munication in their own neighbourhood, — ^not to go abroad 
with their speculations. If any had done so, he advised 
them to get their money back as fast as they could, for if 
they did not they would not get it at all. He informed the 
company, at the same time, of his earliest holding of railway 
shares ; it was in the Stockton and Darlington Eailway, 
and the munber he held was three — " a very large capital 
for him to possess at the time." But a Stockton friend was 
anxious to possess a share, and he sold him one at a pre- 
mium of 33^. ; he supposed he had been about the first man 
in England to sell a railway share at a premium. 

During 1845, his son's offices in Great George-street, 
Westminster, were crowded with persons of various condi- 
tions seeking interviews, presenting very much the appear- 
ance of the levee of a minister of state. The burly figure of 
Mr. Hudson, the " Kailway King," surrounded by an admir- 
ing group of followers, was often to be seen there ; and a 
BtUl more interesting person, in the estimation of many, 
was Gex>rge Stephenson, dressed in black, his coat of some- 
what old-fashioned cut, with square pockets in the tails. 
He wore a white neckcloth, and a large bunch of seals was 
suspended from his watch-ribbon. Altogether, he presented 
an appearance of health, intelligence, and good humour, 
that rejoiced one to look upon in that sordid, selfish and 
eventually ruinous saturnalia of railway speculation. 

Powers were granted by Parliament, in 1845, to construct 
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not lew tlian 2883 milea of new railways in Britain, at an 
expenditure of aboat fbrty-fonr nuUifms sterling ! Yet the 
mania was not appeased; for in the following seasifm d 
1846, applicatMxiB were made to Parliament for po'wers to 
laise 389,000,0001. sterling for the oonatraotion of farther 
lines ; and poweis were aotnally conceded for forming 4790 
miles (including 60 miles of tunnels), at a cost of abont 
120,000,00011 sterling. Dnring this sesmon, Mr. Stephenson 
appeared as engineer for only one new line, — the Buxton, 
Uaccleefield, Coogleton, and Crewe Bailway — a line in 
which, as a coal-owner, he was personally interested ; — and 
of three branoh-lines in ccoinexicn with existing oompanies 
for which he had long acted as engineer. At the same 
time, all the leading professinnal men were fiUly oocnpied, 
some of ihem appearii^ as oonsulting engineers for upwards 
of thirty lines eat^! 

One of the features of the mania was the rage for " direct 
lines" which everywhere displayed itselt There were 
" Direct Manchester," " Direct Exeter," " Direct York," and, 
indeed, new direct lines between most of the large towns. 
The Marquis of Bristol, speaking in favonr of the " Direct 
Norwich and London" project, at a public meeting at 
Haverhill, said, " If neoessaiy, they might make a Umnel 
beneath hit very dramng-room, rather than be defeated in 
their undertaking!" And the Bev. F. Litchfield, at a 
meeting in Banbury, on the subject of a line to that town, 
said " He had laid down for himself a limit to his approba- 
tion of railways, — at least of snch as approached the neigh- 
bonrhood with which he was connected, — and that limit 
was, that he did not wish them to approach any nearer to 
him than to nm ihrmgh hU bedroom, witft Ae hedpotts for a 
tMwa I " How different was the spirit which influenced 
these noble lords and gentlemen but a few years before I 

The House of Conunons became thoroughly influenced l^ 
the prevailing excitement. Even the Board of Trade began 
to &TOur the views of the last school cf engineers. In their 
"fieport on the Lines projected in the Manchester and 
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Leeds District," they promulgated some remarkible views 
respecting gradients, declaring themselves in favour of the 
" undulating system." They there stated that lines of an 
undulating character " which have gradients of 1 in 70 or 
1 in 80 distributed Over them in short lengths, may be 
positively better lines, t. e., more susceptible of cheap and expe- 
ditious working^ than others which have nothing steeper 
than 1 in 100 or 1 in 120 ! " They concluded by reporting 
in favour of the line which exhibited the worst gradients 
and the sharpest curves, chiefly on the ground that it could 
be constructed for less money. 

Sir Bobert Peel took occasion to advert to this Eeport in 
the House of Commons on the 4th of March following, as 
containing '^a novel and highly important view on the 
subject of gradients, which, he was certain, never could 
have been taken by any Committee of the House of Com 
mons, however intelligent ; " and he might have added, that 
the more intelligent, the less likely they^^were to arrive at 
any such conclusion. When Mr. Stephenson saw this 
report of the Premier's speech in the newspapers of the 
following morning, he went forthwith to his son, and 
asked him to write a letter to Sir Eobert Peel on the 
subject. He saw clearly that if these views were adopted, 
the utility and economy of railways would be seriously cur- 
tailed. ''These members of Parliament," said he, "are 
now as much disposed to ciia^erate the powers of the loco- 
motive, as they were to under-estimate them but a few 
years ago." Eobert accordingly wrote a letter for his 
father's signature, embodying the views which he so strongly 
entertained as to the importance of flat gradients, and 
referring to the experiments conducted by him many years 
before, in proof of the great loss of working power which 
was incurred on a line of steep as compared with easy gra- 
dients. It was clear, from the tone of Sir Robert Peel's 
speech in a subsequent debate, that he had carefully read 
and considered Mr. Stephenson's pi-actical observations on 
the subject ; though it did not appear -that he had come 
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to any definite cmiolusion thereon, further tlian that lie 
strongly approved of the Trent Valley Railway, by whic^ 
Tamworth would be plaoed upon a direct main line of ooxo- 
munication« 

The result of :he labours of Parliament was a tiBsne of 
legislative bungling, involving enormous loss to the public 
Hallway Bills were granted in heaps. Two hundred and 
seveniy-two additional Acts were passed in 1846. SoiEne 
authorised the oonstruotion of lines running almost pa> 
rallel to existing railways, in order to afford the public 
"the benefits of unrestricted competition." Locomotive 
and atmospheric lines, broad-gauge and narroiv-gange 
lines, were granted without hesitation. Committees de- 
cided without judgment and without discrimination ; it was 
a scramble for Bills, in which the most unscrupulous were 
the most successful 

Amongst the many ill effects of the mania, one of the worst 
was that it introduced a low tone of morality into railway 
transactions. The bad spirit which had been evoked by it 
unhappUy extended to the commercial classes, and many of 
the most flagrant swindles of recent times had their origin 
in the year 1845. Those who had suddenly gained large 
sums without labour, and also without honour, were too 
ready to enter upon courses of the wildest extravagance ; 
and a Mse style of living shortly arose, the poisonous influ- 
ence of which extended through all classes. Men began to 
look upon railways as instruments to job with. Persons, 
sometimes possessing information respecting railways, but 
more frequently possessing none, got upon boards for the 
purpose of promoting their individual objects, often in a 
very unscrupulous manner ; landowners, to promote branch 
lines through their property ; speculators in shares, to trade 
upon the exclusive information which they obtained ; whilst 
some directors were appointed through the influence mainly 
of solicitors, contractors, or engineers, who used them as 
tools to serve their own ends. In this way the unfortunate 
proprietoi'iE were, in many cases, betrayed, and thoir pro* 
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perty was shameftdly squandered, much to the discredit of 
the railway system. 

While the mania was at its height in England, railways 
■were also being extended abroad, and George Stephenson 
"was requested on several occasions to give the benefit of 
his advice to the directors of foreign undertakings. One of 
the most agreeable of these excursions was to Belgium in 
1845. His special object was to examine the proposed line 
of the Sambre and Mouse Bail way, for which a concession 
had been granted by the Belgian legislature. Arrived on 
the ground, he went carefully over the entire length of the 
proposed line, to Couvins, the Forest of Ardennes, and 
Rocroi, across the French frontier ; examining the bearings 
of the coal-field, the slate and marble quarries, and the 
numerous iron-mines in existence between the Sambre and 
the Mouse, as well as carefully exploring the ravines which 
extended through the district, in order to satisfy himself 
that the best possible route had been selected. Mr. Ste- 
phenson was delighted with the novelty of the journey, the 
beauty of the scenery, and the industry of the population. 
His companions were entertained by his ample and varied 
stores of practical information on all subjects, and his 
conversation was full of reminiscences of his youth, on 
which he always delighted to dwell when in the society of 
his more intimate friends. The journey was varied by a 
visit to the coal-mines near Jemappe, where Stephenson 
examined with interest the mode adopted by the Belgian 
miners of draining the pits, inspecting their engines and 
brakeing machines, so familiar to him in early life. 

The engineers of Belgium took the opportunity of Mr. 
Stephenson's visit to their country to invite him to a mag- 
nificent banquet at Bi-ussels. The Public Hall, in which 
they entertained him, was gaily decorated with flags, pro- 
minent amongst which was the Union Jack, in honour of 
their distinguished guest. A handsome marble pedestal, 
ornamented with his bust crowned with laurels, occupied 
one end of the room. The chair was occupied by M, Massui, 
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the Gliief Bireotor of the National Bailwajs of Belgium ; 
and the most eminent scientific men of the kingdom T^ere 
present. Their reception of " the Father of railways " Tiras 
of tlie most enthusiastic description. Mr. Stephenson wa« 
greatly pleased with the entertainment. Kot the least 
interesting incident of the evening was his observing, when 
the dinner was about half over, a model of a locomotive 
engine placed upon the centre table, under a triumphal 
arch. Turning suddenly to his friend Sopwith, he ex- 
claimed, "Do you see the *Eocket'?" The compliment 
thus paid him, was perhaps more prized than all the en- 
comiums of the evening. 

The next day (April 6th) King Leopold invited him to 
a private interview at the palace. Accompanied by Mr. 
Sopwith, he proceeded to Lciaken, and was very dbrdially 
received by His Majesty. The king immediately entered 
into familiar conversation with him, discussing the railway 
project which had been the object of his visit to Belgium, 
and then the structure of the Belgian coal-fields, — ^his 
Majesty expressing his sense of the great importance of 
economy in a fuel which had become indispensable to the 
comfort and well-being of society, which was the basis of 
all manufjswtures, and the vital power of railway locomotion. 
The subject was always a favourite one with Mr. Stephen- 
son, and, encouraged by the king, he proceeded to describe 
to him the geological structure of Belgium, the original 
formation of coal, its subsequent elevation by volcanic forces, 
and the vast amount of denudation. In describing the coal- 
beds he used his hat as a sort of model to ilLustrate his 
meaning ; and the eyes of the king were fixed upon it as 
he proceeded with his interesting description. The con- 
versation then passed to the rise and progress of trade and 
manufactures, — Mr. Stephenson pointing out how closely 
they everyr^'^here followed the coal, being mainly dependent 
upon it, as it were, for their very existence. 

The king seemed greatly pleased with tho interview, 
and at its close expressed himself obliged by the interest' 
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ing information which the engineer had cc^inmnicatecL 
Shaking hands cordially with both the gentlemen, and 
wishing them success in their important undertakings, 
he bade them adieu. As they were leaving the palace 
Mr. Stephenson, bethinking him of the model by which he 
had just been illustrating the Belgian coal-fields, said to 
his friend, " By the bye, Sopwith, I was afraid the king 
would see the inside of my hat ; it's a shocking bad one ! " 
Little coidd George Stephenson, when brakesman at a coal- 
pit, have dreamt that, in the course of his life, he should be 
admitted to an interview with a monarch, and describe to 
him the manner in which the geological foundations of his 
kingdom had been laid I 

Mr. Stephenson paid a second visit to Belgium in the 
course of the same year, on the business of the West 
Flanders Kailway ; and he had scarcely returned from it ere 
he made arrangements to proceed to Spain, for the purpose 
of examining and reporting upon a scheme then on foot for 
constructing "the Eoyal Korth of Spain Eailway." A con- 
cession had been made by the Spanish Government of a 
line of railway from Madrid to the Bay of Biscay, and a 
numerous staff of engineers was engaged in surveying it. 
The directors of the Company had declined making the 
necessary deposits until more favourable terms had been 
secured; and Sir Joshua Walmsley, on their part, was 
about to visit Spain and press the Government on the sub- 
ject. Mr. Stephenson, whom he consulted, was alive to the 
difficulties of the office which Sir Joshua was induced to 
undertake, and offered to be his companion and adviser on 
the occasion, — declining to receive any recompense beyond 
the simple expenses of the journey. He could only arrange 
to be absent for six weeks, and set out from England about 
the middle of September, 1845. 

The party was joined at Paris by Mr. Mackenzie, the 
contractor for the Orleans and Tours Eailway, then in 
course of construction, who took them over the works, and 
aocompaTued them as far as Tours. They soon reached the 



298 PYEENEAN PASTORAL. Jhap. xr. 

great chain of the Pyrenees, and citxssed oyer into Spain. 
It was on a Sunday evening, after a long day's toilsome 
journey through the mountains, that the pariy suddenly 
found themselves in one of those beautiful secluded valleys 
lying amidst the Western Pyrenees. A small hamlet lay- 
before them, consisting of some thirty or forty houses and a 
fine old church. The sun was low on the horizon, and, 
imder the wide porch, beneath the shadow of the cliurch, 
were seated nearly all the inhabitants of the place. They 
were dressed in their holiday attire. The bright bits of 
red and amber colour in the dresses of the women, and the 
gay sashes of the men, formed a striking picture, on which 
the travellers gazed in silent admiration. It was something 
entirely novel and unexpected. Beside the villagers sat 
two venerable old men, whose canonical hats indicated their 
quality as village pastors. Two groups of young women 
and children were dancing outside the porch to the accom- 
paniment of a simple pipe ; and within a hundred yards 
of them, some of the youths of the village were disporting 
themselves in athletic exercises ; the whole being carried 
on beneath the fostering care of the old church, and with 
the sanction of its ministers. It was a beautiful scene, and 
deeply moved the travellers as they approached the principal 
group. The. villagers greeted them courteously, supplied 
their present wants, and pressed upon them some fine 
melons, brought from their adjoining gardens. Mr. Ste- 
phenson use4 afterwards to look back upon that simple 
r4oene, and speak of it as one of the most charming pastorals 
he had ever witnessed. 

They shortly reached the site of the proposed railway, 
passing through Irun, St. Sebastian, St. Andero, and Bilbao, 
at which places they met deputations of the principal in 
habitants who were interested in the subject of their 
journey. At Eaynosa Stephenson carefcdly examined the 
moimtain passes and ravines through which a railway 
ooidd be made. He rose at break of day, and surveyed 
until the darkness set in ; and frequently his resting-place 
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at night was the floor of some miserable hovel. He vraa 
thus laboriously occupied for ten days, after which he pro- 
ceeded across the province of Old Castile towards Madrid, 
surveying as he went. The proposed plan included the 
purchase of the Castile Canal ; and that property was also 
surveyed. He next proceeded to El Escorial, situated at the 
foot of the Guadarama mountains, through which he found 
that it would be necessary to construct two formidable 
tunnels ; added to which he ascertained that the country 
between El Escorial and Madrid was of a very difficult and 
expensive character to work through. Taking these cir- 
cumstances into account, and looking at the expected traffic 
on the proposed line. Sir Joshua Wahnsley, acting under 
the advice of Mr. Stephenson, offered to construct the line 
from Madrid to the Bay of Biscay, only on condition that 
the requisite land was given the Company for the purpose ; 
that they should be allowed every facility for cutting such 
timber belonging the Crown as might be required for the 
purposes of the railway; and also that the materials re- 
quired from abroad for the construction of the line should 
be admitted free of duty. In return for these concessions 
the Company offered to clothe and feed several thousands of 
convicts while engaged in the execution of the earthworks. 
General Narvaez, afterwards Duke of Valencia, received 
Sir Joshua Walmsley and Mr. Stephenson on the subject of 
their proposition, and expressed his willingness to close 
with them; but it was necessary that other influential 
parties should give their concurrence before the scheme 
could be carried into effect. The deputation waited ten 
days to receive the answer of the Spanish Government; 
but no answer of any kind was vouchsafed. The authori- 
ties, indeed, invited them to be present at a Spanish bidl- 
fight, but that was not quite thu business Mr. Stephenson 
had gone all the way to Spain to transact ; and the offer 
was politely declined. The result was, that Mr. Stephenson 
dissuaded his friend from making the necessary deposit at 
Ivladrid. Besides, he Lad by this time formed an unfavour 
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«ble opinion of the entire project, and consider! 
traffio would not amount to one-eighth of the eel 

Mr. Stephentton was now anxious to bo ij 
During the journey from Madrid he oft«n spoke 
tion of friends and relatives ; and when apparenl 
by other matters, he would revert to what '. 
might then be passing at home. Few inoidenb 
notice occurred on the journey homeward, bii 
be mentioned. While travelling in an open 
between Madrid and Vittoria, the driver urged 
down hill at a dangerous pace. He was requeste- 
speed ; but suspecting his passengers to be a£r« 
fl :^ed the brutes into a still more furious gallop, 
this, Mr. Stephenson coolly said, " Let us try ] 
other tack ; tell him to show us the fastest pa 
Spanish mules can go." ITie rogue of a drivi 
found hie tricks of no avail, pulled up and pre 
more moderate speed for tlie leet of the journey. 

Ui^ent business required Mr. Stephenson's 
Loudon on the last day of November. Thej 
therefore almost continuously, day and nigh1 
fatigue consequent on the journey, added to thi 
Toluntorily endured by the engineer while carr 
survey among the Spanish mountains, began to ii 
on his health. By the time he reached Paris 
dently ill, but he nevertheless determined on 
He reached Havre in time for the Southampto; 
when on board, pleuri^ developed itself, and i1 
sary to bleed Tiim freely. During the voyage, h 

time chiefly in dictating letters and reports to 

Walmsley, who never left him, and whose kindness on the 
occasion he gratefully remembered. His friend was struck 
by the clearness of hia dictated composition, which exhibited 
a vigour and condensation which to him seemed marvellous. 
After a few weeks' rest at home, Mr. Stephenson gradually 
recovered, though his health remained severely shaken. 
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BoBEBT Stifbehsom's Cabbib — The Stbpbknsohs and 
BsoHXL — East Coast Bodtb to Sootlamd — Boyal 
Boeder BBmaE, Bebwige — High Level Bbidge, New- 
castle. 

The career of Geoige Stephenson was drawing to a close. 
He had for some time been gradoally retiring from the 
more active pursuit of railway engineering, and confining 
himself to the promotion of only a few undertakings in 
which he took a more than ordinary personal interest. In 
1840, when the extensive main lines in the Midland 
districts bad been finished and opened for traf&o, he pub- 
licly eipreased his intention of withdrawing from the 
profession. He had reached sixty, and, having spent the 
greater part of his life in very hard work, he naturally 
desired rest and retirement in his old age. There was the 
loss necessity for his continuing "in harness," as Eobert 
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Stephecfion was now in full career as a leading railway en- 
gineer, and his father had pleasure in handing over to Kith, , 
with the sanction of the companies concerned, nearly all the 
railway appointments which he held. 

Bobert Stephenson amply repaid his father^s care. The 
sound education of which he had laid the foundations at 
school, improved by his subsequent culture, but more than 
all by his father's example of application, industry, and 
thoroughness in all that he undertook, told powerfully in 
the formation of his character, not less than in the disci- 
pline of his intellect His father had early implanted 
in him habits of mental activity, familiarized him with tlie 
laws of mechanics, and carefully trained and stimulated l>i« 
inventive faculties, the first great fruits of which, as "we 
have seen, were exhibited in the triumph of the '* Eocket " 
at BainhilL " I am fully conscious in my own mind," said 
the son at a meeting of the Mechanical Engineers at 
Newcastle, in 1868, "how greatly my civil engineering has 
been regulated and influenced by the mechanical know- 
ledge which I derived directly from my father; and the 
more my experience has advanced, the more convinced I 
have become that it is necessary to educate an engineer in 
the workshop. That is, emphatically, the education which 
will render the engineer most intelligent, most useful, and 
the fullest of resources in times of difficulty." 

Kobert Stephenson was but twenty-six years old when 
the performances of the " Eocket " established the practica- 
bility of steam locomotion on railways. He was shortly 
after appointed engineer of the Leicester and Swannington 
Railway; after which, at his father's request, he was 
made joint engineer with himself in lajdng out the Lon- 
don and Birmingham Railway, and the execution of that 
line was afterwards entrusted to him as sole engineer. 
The stability and* excellence of the works of that railway, 
the difficulties which had been successfully overcome in the 
course of its construction, and the judgment which was dia* 
played by Robert Stephenson throughput the whole conduct 



Chat, XVl. COMMITTEE WORK. 303 

of the undertaking to its completion, estabb'shed bis repn- 
tation as. an engineer ; and bis fatber could now look with 
confidence and witb pride upon bis son's acbievements. 
From tbat time forward, fatber and son worked together as 
one man, eacb jealous of tbe other's honour; and on the 
fiatber's retirement, it was generally recognized tbat, in tbe 
sphere of railways, Kobert Stephenson was tbe foremost 
man, tbe safest guide, and the most active worker. 

Kobert Stephenson was subsequently appointed engineer 
of tbe Eastern Counties, tbe Northern and Eastern, and tbe 
Blackwall railways, besides many lines in the midland and 
southern districts. When the speculation of 1844 set in, 
bis services were, of course, greatly in request. Thus, in 
one session, we find him engaged as engineer for not fewer 
than 33 new schemes. Projectors thought themselves for- 
tunate who could secure his name, and he had only to 
propose bis terms to obtain them. The work which be 
performed at this period of his life was indeed enormous, 
and his income was large beyond any previous instance of 
engineering gain. But much of his labour was bea^y 
hackwork of a very uninteresting character. During the 
sittings of the committees of Parliament, almost every mo- 
ment of bis time was occupied in consultations, and in 
preparing evidence or in giving it. Tbe crowded, low- 
roofed committee-rooms of the old Houses of Parliament 
were altogether inadequate to accommodate the rush of 
perspiring projectors of bills, and even the lobbies were 
sometimes choked with them. To have borne that noisome 
atmosphere and heat would have tested the constitutions 
of salamanders, and engineers were only human. With 
brains kept in a state of excitement during the entire day, 
no wonder their nervous systems became unstrung. Their 
only chance of refreshment was during an occasional rush to 
tbe bun and sandwich stand in tbe lobby, though some- 
times even that resource fiiiled them. Then, with mind 
and body jaded — probably after undergoing a series of con- 
sultations upon many bills after the rising of the committees 
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— the exliausted engineers wonld seek to stimiilate nature 
by a late, perhaps a heavy, dinner. What chance had any 
ordinary constitation of snrviving such an ordeal? The 
consequence was, that stomach, brain, and liver Tv-ere alike 
irretrievably injured; and hence the men who bore the 
brunt of those struggles — Stephenson, Brunei, Locke, and 
Errington — have already all died, comparatively young men. 

In mentioning the name of Brunei, we are reminded of 
him as the principal rival and competitor of Bobert Stephen- 
son. Both were the sons of distinguished men, and both 
inherited the fame and followed in the footsteps of their 
fathers. The Stephensons were inventive, practical, and 
sagacious ; the Brunels ingenious, imaginative, and daring; 
The former were as thoroughly English in their characteris- 
tics as the latter were perhaps as thoroughly French. The 
fSathers and the sons were alike successful in their works, 
though not in the same degree. Measured by practical and 
profitable residts, the Stephensons were unquestionably the 
safer men to foUow. 

Eobert Stephenson and Isambard Kingdom Brunei were 
destined often to come into oollisiDn in the course of their 
professional life. Their respective railway districtR 
" marched " with each other, and it became their business 
to invade or defend those districts, according as the policy 
of their respective boards might direct. The gauge of 7 
feet fixed by Mr. Brunei for the Great Western Eailway, so 
entirely different from that of 4 ft. 8iin. adopted by the 
Stephensons on the Northern and Midland lines, was from 
the first a great cause of contention. But Mr. Brunei had 
always an aversion to follow any man's lead; and that 
another engineer had fixed the gauge of a railway, or built 
a bridge, or designed an engine, in one way, was of itself 
often a sufficient reason with him for adopting an altogether 
different course. Eobert Stephenson, on his i)art, though 
less bold, was more practical, preferring to follow the old 
rout,es, and to tread in the safe steps of his father. 

Mi;. Brunei, however, determined that the Great Westeni 
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shotild be a giant's road, and that travelling should be 
oondncted upon it at double speed. His ambition was to 
make the best road that imagination could .devise ; whereas 
the main object of the Stephensons, both father and son, 
was to make a road that would pay. Although, tried by 
the Stephenson t,est, BruneFs magnificent road waM a 
failure so far as the shareholders in the Great Western 
Company were concerned, the stimulus which his ambitious 
designs gave to mechanical invention at the time proved a 
general good. The narrow-gauge engineers exerted them- 
selves to quicken their locomotives to the utmost. They 
improved and re-improved them; the machinery was 
simplified and perfected; outside cylinders gave place to 
inside ; the steadier and more rapid and effective action of 
the engine was secured ; and in a few years the highest 
speed on the narrow-gauge lines went up from 30 to about 
50 miles an hour. For this rapidity of progress we are in 
no small degree indebted to the stimulus imparted to the 
narrow-gauge engineers by Mr. Brunei. And it is weU for 
a country that it should possess men such as he, ready to 
dare the untried, and to venture boldly into new paths. 
Individuals may suffer from the cost of the experiments ; 
but the nation, which is an aggregate of individuals, gains, 
and so does the world at large. 

It was one of the characteristics of Brunei to believe in 
the success of the schemes for which he was professionally 
engaged as engineer ; and he proved this by investing his 
savings largely in the Great Western Kail way, in the South 
Devon atmospheric line, and in the Great Eastern steam- 
ship, with what results are well known. Robert Stephen- 
sou, on the contrary, with characteristic caution, towards 
the latter years of his life avoided holding unguaranteed 
railway shares ; and though he might execute magnificent 
structures, such as the Victoria Bridge across the St. 
Lawrence, he was careful not to embark any portion of his 
own fortune in the ordinary capital of these concerns. In 
1845, he shrewdly foresaw the irevitable crash that ynns 

V X 
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aboat to follow the mania of that year; and while ahares 
were still at a premium he took the opportunity of selliiig 
out all that he had. He urged his father to do the same 
thing, but George's reply was characteristia "No," said 
he; ''I took my shares for an investment, and not to 
speculate with, and I am not going to sell them now 
because folks have gone mad about railways." The conse- 
quence was, that he continued to hold the 60,000Z. -which he 
had invested in the shares of various railways until his 
death, when they were at once sold out by his son, though 
at a great depreciation on their original cost. 

One of the hardest battles fought between the Stephensons 
and Brunei was for the railway between Newcastle and 
Berwick, forming part of the great East Coast route to 
Scotland. As early as 1836, George Stephenson had sur- 
veyed two lines to connect Edinburgh with Newcastle : one 
by Berwick and Dunbar along the coast, and the other, 
more inland, by Carter Fell, up the vale of the Gala, to the 
northern capital; but both projects lay dormant for 
several years longer, until the completion of the Midland 
and other main lines as far north as Newcastle, had the 
efifect of again reviving the subject of the extension of 
the route as far as Edinburgh. 

On the 18th of Jime, 1844, the Newcastle and Darlington 
line — an important link of the great main highway to tho 
north — was completed and publicly opened, thus connecting 
the Thames and the Tyne by a continuous* line of railway. 
On that day the Stephensons, with a distinguished party 
of railway men, travelled by express train from London to 
Newcastle in about nine hours. It was a great event, and 
was worthily celebrat-ed. The population of Newcastle 
held holiday ; and a banquet given in the Assembly Eooms 
the same evening assumed the form of an ovation to George 
Stephenson and his son. Thirty years before, in the 
capacity of a workman, he had been labouring at the con- 
struction of his fii'st locomotive in the immediate neighbour- 
hood. By slow and laborious steps he had worked his way 
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on, drawing the locomotive into notice, and raising himself 
m public estimation; until at length he had victoriously 
established the railway system, and went back amongst his 
townsmen to receive their greeting. 

After the opening of this railway, the project of the East 
Coast line from Newcastle to Berwick was revived ; and 
George Stephenson, who had already identified himself with 
the question, and was intimately acquainted with every foot 
of the ground, was called upon to assist the promoters with 
his judgment and experience. He again recommended as 
stroiigly as before the line he had previously surveyed; 
and on its being adopted by the local committee, the 
necessary steps were taken to have the scheme brought 
before Parliament in the ensuing session. The East Coast 
line was not, however, to be allowed to pass without a fight 
On the contrary, it had to encounter as stout an opposition 
as the Stephensons had ever experienced. 

We have already stated that about this time the plan of 
substituting atmospheric pressure for locomotive steam- 
power in the working of railways, had become very popular. 
Many eminent engineers supported the atmospheric system, 
and a strong party in Fbrliament, headed by the Prime 
Minister, were greatly disposed in its favour. Mr. Brunei 
warmly espoused the atmospheric principle, and his persua- 
sive manner, as well as his admitted scientific ability, 
unquestionably exercised considerable influence in deter 
mining the views of many leading members of both Houses. 
Amongst others. Lord Howick, one of the members for 
Northumberland, adopted the new principle, and, possessing 
great local influence, he succeeded in forming a powerful 
confederacy of the landed gentry in favour of Bruners 
atmospheric railway through that county. 

George Stephenson could not brook the idea of seeing the 
locomotive, for which he had fought so many stout battles, 
pushed to one side, and that in the very county in which 
its great powers had been first developed. Nor did he 
rdish the appearance of Mr. Brunei as the engineer of Lorcl 
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Howick and his &,th6r, at his office in Great George Street, 
during the progress of the bill in Parliament. His father 
was in the outer office, where he nsed to spend a good deal 
of his spare time ; occasionally taking a quiet wrestle with 
a friend when nothing else was stirring.* On the day ia 
question, George was standing with his back to the fire, 
when Lord Howick called to see Kobert. Oh! thought 
George, he has come to try and talk Kobert over about that 
atmospheric gimcrack ; but I'll tackle his Lordship. " Come 
in, my Lord," said he, "Eobei*t's busy; but I'll answer 
your pui-pose quite as well ; sit down here, if you please.'' 
George began, " Now, my Lord, I know very well what you 
have come about : it's that atmospheric line in the north ; I 
will show you in less than five minutes that it can never 
answer." "If Mr. Robert Stephenson is not at liberty, 
I can call again," said his Lordship. " He's certainly oc- 
cupied on important business just at present," was George's 
answer ; " but I can tell you fiir better than he can what 
nonsense the atmospheric system is : Robert's good-natured, 
you see, and if your Lordship were to get alongside of him 
you might talk him over ; so you have been quite lucky in 
meeting with me. Now, just look at the question of ex- 
pense," — and then he proceeded in his strong Doric to 
explain his views in detail, until Lord Howick could stand 
it no longer, and he rose and walked towards the door. 
George followed him down stairs, to finish his demolition of 
the atmospheric sj'stem, and his parting words were, " You 
may take my word for it, my Lord, it will never answer." 
George afterwards told his son with glee of " the settler " 
he had given Lord Howick. 



• ** When my father oame about 
the ofl&ce," said Eobert, ** he some- 
times did not well know what to 
do with himself. So he used to 
invite Bidder to have a wrestle 
with him, for old acquaintance' 
sake. And the two wrestled to- 
gether so often, and had so many 



'falls* (sometimes 1 thought they 
would bring the house down be- 
tween them), that they broke half 
the chairs in my outer office. I 
remember once sending my father 
in a joiner's bill of about 22. lOii. 
for mending broken chaira.* 
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So closely were the Stephensons identified with this 
measure, and so great was the personal interest Ti^hich they 
were both known * to take in its sucoess, that, on the news 
of the triumph of the bill reaching Newcastle, a sort of 
general holiday took place, and the workmen belonging to 
the Stephenson Locomotive Factory, upwards of 800 in 
number, walked in procession through the principal streeis 
of the town, accompanied with music and banners. 

It is unnecessary to enter into any description of ihe 
works on the Newcastle and Berwick Railway. There are 
no fewer than 110 bridges of all sorts on the line — some 
under and some over it. But by far the most formidable 
piece of masonry work on this railway is at its northern 
extremity, where it passes across the Tweed into Sootland, 
immediately opposite the formerly redoubtable castle of 
Berwick. Not many centuries had passed since the district 
amidst which this bridge stands was the scene of almoBt 
constant warfare. Berwick was regarded as the key of 
Scotland, and was fiercely fought for, sometimes held by 
a Scotch and sometimes by an English garrison. Though 
strongly fortified, it was repeatedly taken by assault. On 
its capture by Edward I., Boetius says 1 7,000 persons were 
slain, so that its streets "ran with blood like a river." 
Within sight of the ramparts, a little to the west, is Halidon 
Hill, where a famous victory was gained by Edward IIL, 
over the Scottish army under Douglas ; and there is scarcely 
a foot of ground in the neighbourhood but has been the 
scene of contention in days long past. In the reigns ol 
James I. and Charles I., a bridge of 15 arches was built 
across the Tweed at Berwick ; and in our own day a rail- 
way-bridge of 28 arches has been built a little above the old 
one, but at a much higher level. The bridge built by the 
Kings, out of the national resources, cost 16,000Z., and oc- 
cupied 24 years and 4 months in the building ; the bridge 
built by the Eailway Company, with funds drawn from 
private resources, cost 120,000Z., and was finished in 3 years 
and 4 months from the day of laying the foundation-stone. 
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This important viaduct, built after tlie design cf Bobert 
Stephenflon, consists of a series of 28 semicircular archee, 
each 6 1 feet 6 inches in span, the greatest heigbt above the 
bed of the "-■- ^■"'' I'-i *— ♦ '^>"' ■"»">''• " »""■'* "f 
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in engineering, hundreds of extensive bridges of novel 
design were simultaneously constructed. The necessity 
which existed for carrying rigid roads, capable of bearing 
heavy railway trains at high speeds, over extensive gaps 
free of support, rendered it obvious that the methods 
which had up to that time been employed for bridging 
space were altogether insufficient. The railway engineer 
could not, like the ordinary road engineer, divert his road, 
and make choice of the best point for crossing a river or 
a valley. He must take such ground as lay in the line of 
his railway, be it bog, or mud, or shifting sand. Navigable 
rivers and crowded thoroughfeires had to be crossed without 
interruption to the existing traffic, sometimes by bridges at 
right angles to the river or road, sometimes by arches more 
or less oblique. In many cases great difficulty arose from 
the limited nature of the headway ; but, as the level of the 
original road must generally be preserved, and that of 
the railway was in a measure fixed and determined, it was 
necessary to modify the form and structure of the bridge, in 
almost every case, in order to comply with the public 
requirements. Novel conditions were met by fresh inven- 
tions, and difficulties of the most unusual character were 
one after another successfully surmounted. In executing 
these extraordinary works, iron has been throughout the 
sheet-anchor of the engineer. In its different forms of cast 
or wrought iron, it offered a valuable resource, where 
rapidity of execution, great strength, and cheapness of 
construction in the first instance, were elements of prime 
importance ; and by its skilful use, the railway architect 
was enabled to achieve results which thirty years ago would 
scarcely have been thought possible. 

In many of the early cast-iron bridges the old form of the 
arch was adopted, the stability of the structure depending 
wholly on compression, the only novel feature being the use 
of iron instead of stone. But in a large proportion of cases, 
the arch, with the railroad over it, was found inapplicable 
in consequence of the limited headway which it provi<led. 
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Henoe it early oocnrred to George Stephenson, iTirlien oon- 
stniotmg the Liverpool and Manchester Railway, to adopt 
the simple cast-iron beam for the crossing of several roads 
and canals along that line — ^this beam resembling in same 
measure the lintel of the early temples — the pressure on 
the abutments being purely vertical. One of tlio earliest 
instances of this kind of bridge was that erected over 
Water Street, Manchester, in 1829 ; after which., cast-iron 
girders, with their lower webs considerably larger than 
their upper, were ordinarily employed where tlie span 
was moderate ; and wrought -iron tie rods below vrere 
added to give increased strength where the span was 
greater. 

The next step was the contrivance of arched beams or 
bowstring girders, firmly held together by horizontal ties to 
resist the thrust, instead of abutments. Numerous excellent 
specimens of this description of bridge were erected by 
Kobert Stephenson on the original London and Birming- 
ham Eailway ; but by far the grandest work of the kind — 
perfect as a specimen of modem constructive skill — ^was the 
High Level Bridge, which we owe to the genius of the 
same engineer. 

The problem was, to throw a railway bridge across the 
deep ravine which lies between the towns of Newcastle and 
Gateshead, at the bottom of which flows the navigable 
river Tyne. Along and up the sides of the valley — on the 
Newcastle bank especially — run streets of old-fashioned 
houses, clustered together in the strange forms peculiar to 
the older cities. The ravine is of great depth — so deep and 
so gloomy-looking towards dusk, that local tradition records 
that when the Duke of Cumberland arrived late in the 
evening at the brow of the hill overlooking the Tyne, on 
his way to Culloden, he exclaimed to his attendants, on 
looking down into the black gorge before him, " For God's 
sake, don't think of taking me down that coal-pit at this time 
of night ! " The road down the Gateshead High Street is 
almost as steep as the roof of a house, and up the Newcastle 
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Side, as the street there is called, it is little better. During 
many centuries the traffic north and south passed along this 
dangerous and difficult route, over the old bridge which 
crosses the river in the bottoifl of the valley. For about 30 
years the Newcastle Corporation had discussed various 
methods of improving the communication between the 
to^wns ; and the discussion might have gone on for 30 years 
more, but for the advent of railways, when the skill and 
enterprise to which they gave birth speedily solved the diffi- 
culty and bridged the ravine. The local authorities adroitly 
took advantage of the opportunity, and insisted on the pro- 
visicHi of a road for ordinary vehicles and foot passengers in 
addition to the railroad. In this circumstance originated 
one of the striking peculiarities of the High Level Bridge, 
which serves two purposes, being a railway above and a 
carriage roadway underneath. 

The breadth of the river at the point of crossing is 515 
feet, but the length of the bridge and viaduct between the 
Gateshead station and the terminus on the Newcastle side 
is about 4000 feet. It spiings from Pipewell Gate Bank, 
on the south, directly across to Castle Garth, where, nearly 
fronting the bridge, stands the fine old Norman keep of 
the New Castle, now nearly 800 years old, and a little 
beyond it is the spire of St. Nicholas Church, with its light 
and graceful Gothic crown; the whole forming a grand 
architectural group of unusual historic interest. The 
bridge passes completely over the roofe of the houses which 
fill both sides of the valley ; and the extraordinary height 
of the upper parapet, which is about 130 feet above the bed 
of the river, offers a prospect to the passing traveller the 
Hke of which is perhaps nowhere else to be seen. Far 
below are the queer chares and closes, the wynds and lanes 
of old Newcastle ; the water is crowded with pudgy, black, 
coal keels ; and, when there is a paiiial dispersion of the 
great smoke clouds which usually obscure the sky, the 
funhels of steamers and the masts of shipping may be seen 
&T down the river. The old bridge lies so far beneath that 
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the passengers crcMsing it seem like so many hees passing 
to and fro. 

The first difficulty encounteied in building the bri<Jge 
was in securing a solid foundation for the piers. Tlie 
dimensions of the piles to be driven were so huge, that tlie 
engineer found it necessary to employ some extraordiiia.x7 
means for the purposa He called Nasmyth's Titan ie 
steam-hanuner to his aid — the first occasion, we believe, on 
which this prodigious power was employed in bridge pile-> 
driving. A temporary staging was erected for the steam- 
engine and hammer apparatus, which rested on two keels, 
and, notwithstanding the newness and stifihess of the ma- 
chinery, the first pile was driven on the 6th October, 1846, 
to a depth of 32 feet, in four minutes. Two hammers cf 
30 cwt each were kept in regular use, making from 60 to 
70 strokes a minute; and the i-esults were astounding to 
those who had been accustomed to the old style of pile- 
driving by means of the ordinary pile-frame, consisting of 
slide, ram, and monkey. By the old system, the pile was 
driven by a comparatively small mass of iron descending 
with great velocity from a considerable height — the velo- 
city being in excess and the mass deficient, and calculated, 
like the momentum of a cannon-ball, rather for destructive 
than impulsive action. In the case of the steam pile-driver, 
on the contrary, the whole weight of a heavy mass is 
delivered rapidly upon a driving-block of several tons 
weight placed directly over the head of the pile, the 
weight never ceasing, and the blows being repeated at 
the rate of a blow a second, until the pile is driven home. 
It is a curious fact, that the rapid strokes of the steam- 
hammer evolved so much heat, that on many occasions tho 
pile-head burst into flames during the process of driving. 
The elastic force of steam is the power that lifts the ram, 
the escape permitting its entire force to fall upon the head 
of the driving block ; while the steam above the piston on 
the upper part of the cylinder, acting as a buffer or recioil« 
spring, materially enhances the effect of the downward 
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blow. As soon as one pile was driyen, tlie traveUer, ho- 
vering oTerhead, presented another, and down it went into 
the solid bed of the river, with almost as much ease as a 
lady sticks pins into a cushion. By the aid of this powerful 
naachine, pile-driving, formerly among the most costly and 
tedious of engineering operations, became easy, rapid, and 
cx>mparatively economical. 

When the piles had been driven and the coffer-dams 
fonned and puddled, the water within the enclosed spaces 
was pumped out by the aid of powerful engines, so as, 
if possible, to lay bare the bed of the river. Considerable 
difficulty was experienced in getting in the foundations of 
the middle pier, in consequence of the water forcing itself 
through the quicksand beneath as fast as it was removed. 
This fruitless labour went on for months, and many expe- 
dients were tried. Chalk was tiirown in in large quanti- 
ties outside the piling, but without effect. Cement concrete 
was at last put within the coffer-dam, until it set, and the 
bottom was then found to be secure. A bed of concrete 
was laid up to the level of the heads of the piles, the foim- 
dation course of stone blocks being commenced about two 
feet below low water, and the building proceeded without 
further difficulty. It may serve to give an idea of the 
magnitude of the work, when we state that 400,000 cubic 
feet of ashlar, rubble, and concrete were worked up in 
the piers, and 450,000 cubic feet in the land-arches and 
approaches. 

The most novel feature of the structure is the use of cast 
and wrought iron in forming the double bridge, which 
admirably combines the two principles of the arch and 
Buspension ; the railway being carried over the back of the 
ribbed arches in the usual manner, while the carriage-road 
and footpaths, forming a long gallery or aisle, are suspended 
from these arches by wrought-iron vertical rods, with hori- 
zontal tie-bars to resist the thrust. The suspension-bolts 
are enclosed within spandril pillars of cast iron, which 
give great stiffness to the superstructure. This system of 
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High Level Bridge— Elevation of one Arch. 



longitudinal and vertical bracing has been much admired, 
for it not only accomplislies the primary object of securing 
rigidity in the roadway, but at the same time, by its grace- 
ful arrangement, heightens the beauty of the structure. 
The arches consist of four main ribs, disposed in pairs -with 
a clear distance between the two inner arches of 20 feet 
4 inches, forming the carriage-road, while between each of 
the inner and outer ribs there is a space of 6 feet 2 inches, 
constituting the footpaths. Each arch is cast in five sepa- 
rate lengths or segments, strongly bolted together. The 
ribs spring from horizontal plates of cast iron, bedded ajad 
secured on the stone piers. All the abutting joints 'were 
carefully executed by machinery, the fitting being of the 
most perfect kind. In order to provide for the expansion 
and contraction of the iron archmg, and to preserve the 
equilibrium of the piers without disturbance, or racking of 
the other parts of the bridge, it was arranged that the ribs 
of every two adjoining arches resting on the same pier 
should be secured to the springing-plates by keys and 
joggles ; whilst on the next piers on either side, the ribs 
remained free and were at liberiy to expand or contract 
according to temperature — a space being left for the pur- 
pose. Hence each arch is complete and independent in 
itself, the piers having simply to sustain their vertical pres- 
sure. There are six arches of 125 feet span each ; the two 
approaches to the bridge being formed of cast-iron pillars 
and bearers in keeping with the arches. 

The result is a bridge that for massive solidity may be 
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pronounced unrivalled. It is perliaps the most magnificent 
and striking of all the bridges to which railways have given 
birth, and has been worthily styled '* the King of railway 
structures." It is a monument of the highest engineering 
skill of otir time, with the impress of power gi*andly 
stamped upon it. It will also be observed, from the 
drawing placed as the frontispiece of this book, that the 
High Level Bridge forms a very fine object in a picture 
of great interest, full of striking architectural variety and 
beauty. The bridge was opened on the 15th August, 1849, 
and a few days after the royal train passed over it, halting 
for a few miautes to enable her Majesty to survey the won- 
derful scene below. In the course of the foUowing year the 
Queen opened the extensive stone viaduct across the Tweed, 
above described, by which the last link was completed of 
the continuous line of railway between London and Edin- 
burgh. Over the entrance to the Berwick station, occupy- 
ing the site of the once redoubtable Border fortress, so often 
the deadly battle-ground of the ancient Scots and English, 
was erected an arch under whicK the royal train passed, 
bearing in large letters of gold the appropriate words, 
" The last act of the Union" 

The warders at Berwick no longer look out from the 
castle walls to descry the glitter of Southron spears. The 
beU-tower, from which the alarm was sounded of old, 
though still standing, is deserted; the only bell heard 
within the precincts of the old castle being the railway 
porter's bell announcing the arrival and departure of traina 
You see the Scotch express pass along the bridge and speed 
southward on the wings of steam. But no alarm spreads 
along the border now. Northumbrian beeves are safe. 
Cheyy-Chase and Otterbum are quiet sheep-pastures. The 
only men at arms on the battlements of Alnwick Castle are 
of stone. Bamborough Castle has become an asylum for 
shipwrecked mariners, and the Norman Keep at Newcastle 
has been converted into a Museum of Antiquities. The 
railway has indeed consummated the Union. 
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CHAPTEB XVIL 
BoBKBT Stiphknsom's Tubulab Bbidobs at Mskai AXD 

CONWAT. 

We have now to describe briefly another great tmdertaldiig, 
begun by George Stephenson, and taken np and oompleted 
by his son, in the course of which the latter carried out 
some of his greatest works — ^we mean the Chester and 
Holyhead Railway, completing the railway oonnectioD 
with Dublin, as the Newcastle and Berwick line completed 
the connection with Edinburgh. It will thus be seen how 
closely Telford was followed by the Stephensons in per- 
fecting the highways of their respective epochs ; the former 
by means of turnpike-roads, and the latter by means of 
railways. 

George Stephenson surveyed a line fi-om Chester to 
Holyhead in 1838, and at the same time reported on the 
line through North Wales to Port Dynllaen, proposed by 
the Irish Railway Commissioners. His advice was strongly 
in favour of adopting the line to Holyhead, as less costly 
and presenting better gradients. A public meeting was 
held at Chester, in January, 1839, in support of the latter 
measure, at which he was present to give explanations. 
Mr. Uniacke, the Mayor, in opening the proceedings, said 
that Mr. Stephenson was present, ready to answer any 
questions which might be put to him on the subject ; and 
it was judiciously remarked that " it would be better that 
he should be asked questions than required to make a 
speech ; for, though a very good engineer, he was a bad 
speaker." One of the questions then put to Mr. Stephenson 
related to the mode by which he proposed to haul the pas- 
senger carriages over the Menai Suspension Bridge by 
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horso power; and he wa49 asked whether he know the 
pressure the bridge was oapable of sustaining. His answer 
iRras, that *' he had not yet made any caloidations ; but he 
proposed getting data which would enable him to anive 
at an accurate calculation of the actual strain upon the 
bridge during the late gale. He had, however, no hesita- 
tion in saying that it was more than twenty times as much 
as the strain of a ti-ain of carriages and a locomotive 
engine. The only reason why he proposed to convey the 
carriages over by horses, was in order that he might, by 
distributing the weight, not increase the wavy motion. 
All the train would be on at once ; but distributed. This 
he thought better than passing them, linked together, by a 
locomotive engine." It will thus be observed that the 
practicability of throwing a rigid railway bridge across the 
Straits had not yet been contemplated. 

The Dublin Chamber of Commerce passed resolutions in 
fevour of Stephenson's line, after hearing his explanation 
of its essential features. The project, after undergoing 
much discussion, was at length embodied in an Act passed 
in 1844 ; and the work was brought to a successful comple- 
tion by his son; with several important modifications, 
including the grand original feature of the tubular bridges 
across the Menai Straits and the estuary of the Conway. 
Excepting these great works, the construction of this line 
presented no unusual features; though the remarkable 
terrace cut for the acbommodation of the railway under the 
steep slope of Penmaen Mawr is worthy of a passing 
notice. 

About midway between Conway and Bangor, Penmaen 
Mawr forms a bold and almost precipitous headland, at the 
base of which, in rough weather, the ocean dashes with 
great fury. There was not space enough between the 
mountain and the strand for the passage of the railway; 
hence in some places the rock had to be blasted to form a 
terrace, and in others sea-walls had to be built up to the 
proper level, on which to form an embankment of sufficient 

V. Y 
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■width to enable ihe road to be laid. A tunnel lOi cbaina 
in length waa cut through the headland itaelf ; and on its 
east and west aides the line -was formed by a terrace cut 
ont of- the oUff, and by embankments protected by sea 
walla ; the terrace being three timee interrupted by em- 
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bankments in its course of about 1^ mile. TIlq road lies 
so close under the steep mountain face, that it was even 
found necessary at cei*tain places to protect it against 
possible accidents from falling stones, by means of a covered 
ivay. The terrace on the east side of the headland was, 
however, in some measure protected against the roll of the 
sea by the mass of stone run out from the tunnel, and 
forming a deep shingle bank in front of the wall. 

The part of the work which lies on the westward of the 
Headland penetrated by the tunnel, was exposed to the full 
force of the sea; and the foimation of the road at that 
point was attended with great difficulty. While the sea 
"wall was still in progress, its strength was severely tried by 
a strong north-westerly gale, which blew in October, 1846, 
with a spring tide of 1 7 feet. On the following morning it 
was found that a large portion of the rubble was iiTeparably 
injured, and 200 yards of the wall were then replaced by 
an open viaduct, with the piers placed edgeways to the sea. 
the openings between them being spanned by ten cast-iron 
girders each 42 feet long. This accident induced the 
engineer to alter the contour of the sea wall, so that it 
should present a diminished resistance to the force of the 
waves. But the sea repeated its assaults, and made further 
havoc with the work ; entailing heavy expenses and a com- 
plete reorganisation of the contract. Increased solidity was 
then given to the masonry, and the face of the wall under- 
went farther change. At some points outworks were 
constructed, and piles were driven into the beach about 15 
feet from the base of the wall, for the pui-pose of protecting 
its foimdations and breaking the force of the waves. The 
work was at length finished after about three years' anxious 
labour ; but Mr. Stephenson confessed that if a long tunnel 
had been made in the first instance through the solid rock of 
Penmaen Mawr, a saving of from 25,O00Z, to 30,000/. would 
have been effected. He also said he had anived at the 
conclusion that in railway works engineers should endeavour 
as fiEir as possible to avoid the necessity of contending with 
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the sea ; * but if he were ever again oompelled to go within 
its reach, he would adopt, instead of retaining walls, an 
open viaduct, placing all the piers edgeways to the force of 
the sea, and allowing the waves to break upon a natural 
slope of beach. He was ready enough to admit the errors 
he had committed in the original design of this work ; but 
he said he had always gained more information from study- 
ing the causes of failures and endeavouring to surmount 
them than he had done from easily- won successes. Whilst 
many of the latter had been forgotten, the former were 
indelibly fixed in his memoiy. 

But by iar the greatest difficulty which Eobert Stephenson 
had to encounter in executing this railway, was in carrying 
it across the Straits of Menai and the estuaiy of the Conway, 
where, like his predecessor Telford when forming his high 
road through North Wales, he was under the necessity of 
resorting to new and altogether untried methods of bridge 
construction. At Menai the waters of the Irish Sea are 
perpetually vibrating along the precipitous shores of the 
Strait ; rising and falling from 20 to 25 feet at each succes- 
sive tide ; the width and depth of the channel being such as 
to render it available for navigation by the largest ships. 
The problem was, to throw a bridge across this wide chasm 
— a bridge of unusual span and dimensions — of such 
8trength as to be capable of bearing the heaviest loads at 
high speeds, and at such a uniform height throughout as 
not in any way to interfere with the navigation of the 
Strait From an early period, Mr. Stephenson had fixed 
upon the spot where the Britannia Eock occurs, nearly in 
the middle of the channel, as the most eligible point for 
crossing; th3 water- width from shore to shore at high 



* The simple tiact that in a oeavy , fonnidable an element. Mr. K. 
storm the force of impact of the i Stevenson (Edinburgh; registered 
wavtjs is from one and a-half to a force of three tons per square foot 



two tuns per square foot, must 
necessarily dictate the greatest 
possible caution in approecning so 



at Skerryvore, during a gale in the 
Atlantic, when the waves were 
supposed to r^n twenty feet high. 
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ivater there being about 1100 feet. His first idea was to 
construct the bridge of two caBt-iron arches, each of 3S0 
feet s^a. There was no novelty in this idea; for, as 
early as the year 1 80 1 , 
Mr. Eennie prepared 
a design of a cast^ 
iron bridge across the 
Strait at the Swilly 
rocks, the great centre 
arch of which was to 
be 450 feet span ; and 
at a later period, in 
1810, Telford sub- 
mitted a design of a 
similar bridge at la- 
ys - y - Moch, with a 
single cast-iron arch 
of 500 feet But the 
same objectiona which 
led to the rejection 
of Rennie's and Tel 
ford's designs, proved 
&tal to Eobert Ste- 
phenson's, and his 
iron - arched railway 
bridge was rejected 
by the Admiralty. 
The navigation of the 
Strait was under no 
circumsfances to be 
interfered with ; and even the erection of scaffolding from 
below, to support the bridge during construction, was not 
to be permitted. The idea of a suspension bridge was 
dismissed as inapplicable ; a degree of rigidity and strength, 
greater than could be secured by any bridge constructed 
on the principle of suspension, being considered an indis- 
pensable condition of the proposed structure. 
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vn.tli a double thickness of plate at top and bottom. The 
results of the calculations made as to the strength of such a 
tube, were considered so satisfectory, that Mr. Stephenson 
says lie determined to fall back on a bridge of this descrip- 
tion, on the rejection of his design of the two cast-iron 
arches by the Parliamentary Committee. Indeed, it became 
evident that a tubular wrought-iron beam was the only 
structure which combined the necessary strength and sta- 
bility for a railway, with the conditions deemed essential for 
the protection of the navigation. " I stood," says Mr. Ste- 
phenson, " on the verge of a responsibility from which, I con- 
fess, I had nearly shrunk. The construction of a tubular 
beam of such gigantic dimensions, on a platform elevated and 
supported by chains at such a height, did at first present 
itself as a dif&culty of a very formidable nature. Reflection, 
however, satisfied me that the principles upon which the 
idea was founded were nothing more than an extension of 
those daily in use in the profession of the engineer. The 
method, moreover, of calculating the strength of the struc- 
ture which I had adopted, was of the simplest and most 
elementary character ; and whatever might be the form of 
the tube, the principle on which the calculations were 
founded was equally applicable, and could not fail to lead 
to equally accurate results."* Mr. Stephenson accordingly 
annoimced to the directors of the railway that he was pre- 
pared to carry out a bridge of this general description, and 
they adopted his views, though not without considerable 
misgivings. 

While the engineer's mind was still occupied with the 
subject, an accident occurred to the Prince of Wales iron 
steamship, at Blackwall, which singularly corroborated his 
views as to the strength of wrought-iron beams of large 
dimensions. When this vessel was being launched, the 
deet on the bow gave way, in consequence of the bolts 



* Bobert Stephenson's narmtiTe in Clark's 'Britannia and Conway 
Tubular Bridi^es,' vol L p. 27. 
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an experimenter, I was to be left free to exercise my o^vii 
discretion in the investigation of whatever forms or con- 
ditions of the structure might appear to me best calculated 
to secure a safe passage across the Straits." * Mr. Fair- 
bairn then proceeded to construct a number of experimental 
models for the purpose of testing the strength of tubes of 
different forms. The short period which elapsed, however, 
before the bill was in committee, did not admit of much 
progress being made with those experiments ; but from the 
evidence in chief given by Mr. Stephenson on the subject, 
on the 5th May following, it appears that the idea which 
prevailed in his mind was that of a bridge with openings of 
450 feet (afterwards increased to 460 feet ; with a roadway 
formed of a hollow wrought-iron beam, about 25 feet in 
diameter, presenting a rigid platform, suspended by chains. 
At the same time, he expressed the confident opinion that 
a tube of wrought iron would possess sufficient strength 
and rigidity to support a railway train running inside of 
it without the help of the chains. 

While the biQ was still in progress, Mr. Fairbaim pro- 
ceeded with his experiments. He first tested tubes of a 
cylindrical form, in consequence of the favourable opinion 
entertained by Mr. Stephenson of the tubes in that shape, 
extending them subsequently to those of an elliptical form-f 
He fotmd tubes thus shaped more or less defective, and 
proceeded to test those of a rectangular kind. After the 
biU had received the royal assent on the 30th June, 1845, 
the dii'ectors of the company, with great liberality, voted 
a sum for the purpose of enabling the experiments to be 



* *AccouQtof fheCoudtmielionof I year or two before his death Mr. 



the Britunnia and Conway Tubular 
Bridg^j.' By W. Fairbaim, O.E. 
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t Mr. Stephenson continued to 
hold tl^t the elliptical tube was 



Stephenson remarked to the author, 
that had the same arrangement for 
stiffening been adopted to which 
the oblong rectangular tubes owe a 
great part of their strength, a very 



the right idea, and that sufficient different result would haye bees 
iustioe had not been done to it. A . obtained. 
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prosecuted, and upwards of 6000Z. were thus expended to 
make ^e assurance of their engineer doubly sure. Mr. 
Fairbaim's tests were of the most elaborate and eventually 
condusiYe character, bringing to light many new and im- 
portant &.cts of great practical value. The due proportions 
and thicknesses of the top, bottom, and sides of the tubes 
were arrived at after a vast number of trials ; one of the 
resulfjs of the experiments being the adoption of Mr. Fair- 
baim's invention of rectangular hollow cells in the top of 
the beam for the purpose of giving it the requisite d^ree 
of strength. About the end of August it was thought 
desirable to obtain the assistance of a mathematician, who 
should prepare a formula by which the strength of a full- 
sized tube might be calculated from the results of the ex- 
periments made with tubes of smaller dimensions. Professor 
Hodgkinson was accordingly called in, and he proceeded 
to verify and confirm the experiments which Mr. Fairbaim 
had made, and afterwards reduced them to the required 
formulae. 

Mr. Stephenson's time was so much engrossed with his 
extensive engineering business that he was in a great 
measure precluded from devoting himself to the considera- 
tion of the practical detaHs. The results of the experi- 
ments were communicated to him from time to time, and 
were regarded by him as exceedingly satisfactorily. It 
woidd appear, however, that while Mr. Fairbaim urged 
the rigidity and strength of the tubes without the aid of 
chains, Mr. Stephenson had not quite made up his mind 
upon the point. Mr. Hodgkinson, also, was strongly in- 
inclined to retain them. Mr. Fairbaim held that it was 
quite practicable to make the tubes " sufficiently strong to 
sustain not only their own weight, but, in addition to that 
load, 2000 tons equally distributed over the surface of the 
platform, — a load ten times greater than they will ever be 
sailed upon to support." 

It was thoroughly characteristic of Mr. Stephenson, and 
of the caution with which he puxjeeded in every step of 
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^ 'this great undertaking— probing every inch of the groimtl 

.' "before he set down his foot upon it — ^that he should, early 

. in 1856, have appointed his able assistant, Mr. Edwin Clark, 

to Bcnitinise carefdlly the results of every experiment, and 

subject them to a separate and independent analysis before 

iinally deciding upon the form or dimensions of the struo- 

ture, or upon any mode of procedure connected with it. 

At length Mr. Stephenson became satisfied that the use of 

auxiliary chains was unnecessary, and that the tubular 

bridge might be made of such strength as to be entirely 

self-supporting. 

While these important discussions were in progress, mea- 
sures were taken to proceed with the masonry of the bridges 
simultaneously at Conway and the Menai Straits. The 
foundation-stone of the Britannia Bridge was laid on the 
10th April, 1846 ; and on the 12th May following that of 
the Conway Bridge was laid. Suitable platforms and 
workdiops were also erected for proceeding with the punch- 
ing, fitting, and riveting of the tubes; and when these 
operations were in full progress, the neighbourhood of the 
Conway and Britannia Bridges presented scenes of extraor- 
dinary bustle and industry. About 1600 men were em- 
ployed on the Britannia Bridge alone, and they mostly 
lived upon the ground in wooden cottages erected for the 
occasion. The iron plates were brought in ship-loads from 
Liverpool, Anglesea marble from Penmon, and red sand- 
stone from Runcorn, in Cheshii'e, as wind and tide, and 
shipping and convenience, might determine. There was an 
unremitting clank of hammers, grinding of machinery, and 
blasting of rock, going on from morning till night. In fit- 
ting the Britannia tubes together, not less than 2,000,000 of 
bolts were riveted, weighing some 900 tons. 

The Britannia Bridge consists of two independent con- 
tinuous tubular beams, each 1511 feet in length, and each 
weighing 4680 tons, independent of the cast-iron frames 
inserted at their bearings on the masonry of the towers. 
These inmiense beams are supported at five places, namely, 
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on the abutments and on three towers, the central of wMch 
is known as the Great Britannia Tower, 230 feet liigh, 
built on a rock in the middle of the Strait The side to^wers 
are 18 feet less in height than the central one, and the abat- 
ment 35 feet lower than the side towers. The design of 
the masonry is such as to accord with the form of the tubes, 
being somewhat of an Egyptian character, massive and 
gigantic rather than beautiful, but bearing the tmmistakable 
impress of power. 

The bridgo has four spaijs, — two of 460 feet over the 
water, and two of 230 feet over the land. The weight of 
the larger spans, at the points where the tubes repose on the 
masonry, is not less than 1587 tons. On the centre tower 
the tubes rest solid ; but on the land towers and abutments 
they lie on roller-beds, so as to allow of expansion and con- 
traction. The road within each tube is 15 feet wide, and 
the height varies from 23 feet at the ends to 30 feet at the 
centre. To give an idea of the vast size of the tubes by 
comparison with other structures, it may be mentioned that 
each length constituting the main spans is twice as long as 
London Monument is high ; and if it could be set on end in 
St. Paul's Churchyard, it would reach nearly 100 feet above 
the cross. 

The Conway Bridge is, in most respects, similar to the 
Britannia, consisting of two tubes, of 400 feet span, placed 
side by side, each weighing 1180 tons. The principle 
adopted in the construction of the tubes, and the mode of 
floating and raising them, were nearly the same as at the 
Britannia Bridge, though the general arrangement of the 
plates is in many respects different. 

It was determined to construct the shorter outer tubes 
of the Britannia Bridge on scaffoldings in the positions in 
which they were permanently to remain, and to erect the 
larger tubes upon wooden platforms at high-water-mark on 
the Caernarvon shore, from whence they were to be floated 
in pontoons. 

The floating of the tubes on por.tooiJBi, from the plaoes 
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'where they had been constmoted, to the recesses in the ma- 
sonry of the towers, up which they were to be hoisted to 
tlie positions they were permanently to occupy, was an 
anxious and exciting operation. The first part of this 
process was performed at Conway, where Mr. Stephenson 
directed it in person, assisted by Captain Claxton, Mr. 
Bnmel, and other engineering friends. On the 6th March, 
1 848, the pontoons bearing the first great tube of the up- 
line were floated round quietly and majestically into their 
place between the towers in about twenty minutes. Unfor- 
tunately, one of the sets of pontoons had become slightly 
slued by the stream, by which the Conway end of the tube 
was prevented from being brought home ; and five anxious 
days to all concerned intervened before it could be set 
in its place. In the mean time, the presses and raising 
machinery had been fitted in the towers above, and the 
lifting process was begun on the 8th April, when the 
immense mass was raised 8 feet, at the rate of about 
2 inches a minute. On the 16th, the tube had been raised 
and finally lowered into its permanent bed ; the rails were 
laid along it; and, on the 18th, Mr. Stephenson passed 
through with the first locomotive. The second tube was 
proceeded with on the removal of the first from the plat- 
form, and was completed and floated in seven months. 
The rapidity with which this second tube was constructed 
was in no small degree owing to the Jacquard punching- 
machine, contrived for the purpose by Mr. Koberts of Man- 
chester. This tube was finally fixed in its permanent bed 
on the 2nd of January, 1849. 

The floating and fixing of the great Britannia tubes was 
a still more formidable enterprise, though the experience 
gained at Conway rendered it easy compared with what 
it otherwise would have been. Mr. Stephenson superin- 
tended the operation of floating the first in person, giving 
the arranged signals from the top of the tube on which 
he was mounted, the active part of tlie business being per- 
formed by a numerous corps of sailors, under the immediate 
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direction of Captain Claxton. TbousandB of spectatora 
lined tie shores of the Strait on the evening of the 19th 
June, 1849, On tho land attachments being cut, tho pon- 
toons began to float off^ but one of the capstans having 
given way from excessive strain, the tube was brought 
home again for the night. By next morning the defective 
capstan was restored, and all was in readiness for another 
trial. At half-past seven in the evening the tube was 
afloat, and the pontoons swung out into the current like 
a monster pendulum, held steady by the shore guide-lines, 
but increasing in gpeei to almost a fearful extent as they 
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tieared their destined place between the piers. " The success 
of this operation," says Mr. Clark, " depended mainly on 
properly striking the ' butt * beneath the Anglesey tower, 
on which, as upon a centre, the tube was to be veered round - 
into its position across the opening. This position was 
determined by a 1 2-inch line, which was to be paid out to a 
fixed mark from the Llanfair capstan. The coils of the rope 
unfortunately over-rode each other upon this capstan, so 
that it could not be paid out. In resisting the motion of the 
tube, the capstan was bodily dragged out of the platform by 
the action of the palls, and the tube was in imminent danger 
of being carried away by the stream, or the pontoons crushed 
upon the rocks. The men at the capstan were all knocked 
down, and some of them thrown into the water, though 
they made every exertion to arrest the motion of the cap- 
stan-bars. In this dilemma Mr. Eolfe, who had charge of 
the capstan, with great presence of mind, called the visitors 
on shore to his assistance ; and handing out the spare coil of 
the 1 2-inch line into the field at the back of the capstan, 
it was carried with great rapiditj' up the field, and a crowd 
of people, men, women, and children, holding on to this huge 
cable, arresting the progrObS of the tube, which was at length 
brought safely against the butt and veered round. The 
Britannia end was then drawn into the recess of the 
masonry by a chain passing through the tower to a crab on 
the far side. The violence of the tide abated, though the 
wind increased, and the Anglesey end was drawn into its 
place beneath the corbelling in the masonry ; and as the 
tide went down, the pontoons deposited their valuable cargo 
on the welcome shelf at each end. The successful issue was 
greeted by cannon from the shore and the hearty cheers of 
many thousands of spectators, whose sympathy and anxiety 
were but too clearly indicated by the unbroken silence with 
which tiie whole operation had been accompanied." * By 
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midniglii all the pontoons bad been got clear of tlie tab:, 
wbicb now bung suspended over the waters of the Strait by 
its two ends, wbicb rested upon the edges out in the rock 
for tbe purpose at tbe base of tbe Britannia and Anglesey 
towers respectively, up wbicb tbe tube bad now to be lifted 
by bydraulio power to its permanent place near the sunmiit 
Tbe accuracy witb wbicb tbe gigantic beam had been oon- 
Btruoted may be inferred from tbe fact tbat, after passing 
into its place, a clear space remained between the iron 
plating and tbe rock outside of it of only about three- 
quarters of an inch ! 

Mr. Stephenson's anxiety was, of coiu'se, very great up to 
tbe time of performing this trying operation. \Vhen he had 
got tbe first tube floated at Conway, and saw all safe, he said 
to Captain Moorsom, " Now I shall go to bed." But the Bri- 
tannia Bridge was a still more difficult enterprise, and cost 
him many a sleepless night Afterwjards describing his 
feelings to bis friend Mr. Gooob, be said : " It was a most 
anxious and barassing time witb me. Often at night I 
would lie tossing about, seeking sleep in vain. The tubes 
filled my bead. I went to bed witb them and got up with 
tbem. In the grey of tbe morning, when I looked aorosR 
the Square,* it seemed an immense distance across to tbe 
bouses on tbe opposite side. It was nearly tbe same length 
us tbe span of my tubular bridge!" When the first tube 
bad been floated, a friend observed to him, "This great 
work bas made you ten years older." "I have not slept 
sound," be replied, " for tbree weeks." Sir F. Head, bow- 
ever relates, tbat when be revisited tbe spot on tbe following 
morning, be observed, sitting on a platform overlooking the 
suspended tube, a gentleman, reclining entirely by himself, 
smoking a cigar, and gazing, as if indolently, at tbe aeriai 
gallery beneath him. It was tbe engineer himself, con- 
templating bis new- bom child. He bad strolled down fi-oni 
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the neighbouring village, after his first sound and refreshing 
Bleep for weeks, to behold in sunshine and solitude, that 
>vliicli during a weary period of gestation had been either 
mysteriously moving in his brain, or, like a vision — some- 
times of good omen, and sometimes of evil — had, by night 
as well as by day, been flitting across his mind. 

Tlie next process was the lifting of the tube into its 
place, which was performed very deliberately and cau- 
tiously. It was raised by powerful hydraulic presses, only 
a few feet at a time, and carefully under-built, before being 
raised to a farther height. When it had been got up by 
successive stages of this kind to about 24 feet, an extraordi- 
nary accident occurred, during Mr. Stephenson's absence in 
London, which he afterwards described to the author in as 
nearly as possible the following words : — " In a work of 
such novelty and magnitude, you may readily imagine how 
anxious I was that every possible contingency should be 
provided for. Where one chain or rope was required, I 
provided two. I was not satisfied with ' enough : * I must 
have absolute security, as far as that was possible. I knew 
the consequences of failure would be most disastrous to the 
Company, and that the wisest economy was to provide for 
all contingencies at whatever cost. When the first tube at 
the Britannia had been successfully floated between the 
piers, ready for being raised, my young engineers were very 
much elated; and when the hoisting apparatus had been 
fixed, they wrote to me saying, — * We are now all ready for 
raising her : we could do it in a day, or in two at the most. 
But my reply was, ' No : you must only raise the tube inch 
by inch, and you must build up under it as you rise. Every 
inoh must be made good. Nothing must be left to chance or 
good luck.* And fortunate it was that I insisted upon this 
cautious course being pursued; for, one day, while tho 
hydraulic presses were at work, the bottom of one of them 
burst clean away ! The crosshead and the chains, weighing 
more than 50 tons, descended with a fearful crash upon the 
pi-ess, and the tube itself fell down upon the packing 
V. z 
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beneath. Though the fall of the tube was not more than 
nine inches, it crushed solid castings, weighing tons, as 
if they had been nuts. The tube itself was slightly strained 
and deflected, though it still remained sufficiently service- 
abld. But it was a tremendous test to which it was put, 
for a weight of upwards of 5000 tons falling even a few 
inches must be admitted to be a very serious matter. That 
it stood so well was extraordinary. Clark immediately 
wrote me an account of the circxmistance, in which he 
said, 'Thank God, you have been so obstinatiC. For if 
this accident had occurred without a bed for the end of 
the tube to fall on, the whole would now have been lying 
across the bottom of the Straits.' Five thousand pounds 
extra expense was caused by this accident, slight though 
it might seem. But careful provision was made against 
future failure ; a new and improved cylinder was provided : 
and the work was very soon advancing satisfactorily to- 
wards completion." 

When the Queen first visited the Britannia Bridge, on 
her return from the North in 1852, Robert Stephenson 
accompanied Her Majesty and Prince Albert over the 
works, explaining the principles on which the bridge had 
been built, and the difficulties which had attended its 
erection. He conducted the Royal party to near the margin 
of the sea, and, after describing to them the incident of the 
fall of the tube, and the reason of its preservation, he 
pointed with pardonable pride to a pile of stones which 
the workmen had there raised to commemorate the event, 
\\ hile nearly all the other marks of the work during its 
progress had been obliterated, that cairn had been left 
standing in commemoration of the caution and foresight of 
their chief. 

The floating and raising of the remaining tubes need not 
be desciibed in detail The second was floated on the 3rd 
December, and set in its permanent place on the 7th Jcoiuary, 
1850. The others were floated and raised in due course. 
On the 5th March, Mr. Stephenson put the last rivet in the 
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last tube, and passed through the completed bridge, accom- 
panied by about a thousand persons, drawn by three loco- 
motives. The bridge was opened for public traffic on Ihe 
18tli March. The cost of the whole work was 234,450/. 



The Biilumla Bridge. [By Ptn^iBl Slullou,] 

The Britannia Bridge is one of the most remarkable 
monumenta of the enterprise and skill of the present century. 
Robert Stephenson was the master spirit of the under- 
taking. To him belongs the merit of first seizing the ideal 
z 2 
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conception of the etrncture best adapted to meet the neces- 
sitiufl of tKe case ; and of selecting the best men to -woik 
uiit his idea, himself watching, controlling, and testing 
every result, by independent check and counter-check. 
And finally, he oi^nised and directed, through bia asEist- 
ants, the vast band of skilled workmen and labourers who 
were for so many years occupied in canying his magnificent 
original conception to a successful practical issue. As he 
himself said of the work, — " The true and accurate calcula- 
tion of all the conditions and elements essential to the 
safety of the bridge had been a soureo not only of mental 
but of bodily toil ; including, as it did, a combination of 
abstract thought and well-considered experiment adequate 
to the magnitude of the project." 

The Britannia Bridge was the result of a vast combina- 
tion of skill and industry. But for the perfection of our 
tools and the abiUty of our mechanics to use them to the 
greatest advantage ; but for the matured powers of the 
steam-engine ; but for the improvements in the iron manu- 
facture, which enabled blooms to be puddled of sizes before 
deemed impracticable,' and plates and bars of inm[iense size 
to be rolled and foiled ; but for these, the Britannia Bridge 
would have been designed in vain. Thus, it was not the 
product of the genius of the railway engineer alone, but of 
the collective mechanical genius of the English nation. 
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View la Taptoa Gardeiis. 



CHAPTER XVIIL 



Gbogqb SiEPSENBON'a Closing Yeabs — iLLNisa akd Death. 

Is describing the cxanpletiott of the series of great works 
detailed in the preceding chapter, we have eomewhat anti- 
cipated the closing years of George Stephenson's life. He 
could not iail to take an anxious interest in the success of 
his eon's designs, and he accordingly paid many visits to 
Conway and to Menai, duritig the prt^resa of the works. 
He \vafi present on the occasion of the floating and raising 
of the first Conway tube, and there witnessed a clear proof 
of the Boundnesfl of Eobert's judgment as to the efficiency 
and strength of the tubular bridge, of which he had at first 
expressed some doubts; but before the like test could be 
applied at the Britannia Bridge, George Stephenson's mortal 
anxieties were at an end, for he had then ceased from all 
hia labours. 

Towards the close of his life, George Stephenson almost 
entirely withdrew from the active puiBuit of his profession. 
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he devoted himself chiefly to his extenbive collieries and 
lime-works, taking; a local interest only in such projected 
railways as were calculated, to open up new markets for 
theii products. 

At home he lived the life of a country gentleman, enjoy- 
ing his garden and grounds, and indulging his love of 
natui e, which, through all his busy life, had never left liim. 
It was not until the year 1845 that he took an active 
interest in horticultural pursuits. Then he began to build 
new melon-houses, pineries, and vineries, of great extent ; 
and he now seemed as eager to excel all other growers of 
exotic plants in his neighbourhood, as he had been to 
s^irpass the villagers of Killingworth in the production of 
gigantic cabbages and cauliflowers some thirty years before. 
He had a pine-house built 68 feet in length and a pinery 
140 feet. Workmen were constantly employed in enlarging 
them, until at length he had no fewer than ten glass 
forcing-houses, heated with hot water, which he was one 
of the first in that neighbourhood to make use of for such 
a purpose. He did not take so much pleasure in flowers as 
in fruits. At one of the county agricultural meetings, he 
said that he intended yet to grow pine-apples at Tapton 
as big as pumpkins. The only man to whom he would 
" knock under " was his friend Paxton, the gardener to the 
Duke of Devonshire ; and he was so old in the service, 
and so skilful, that he could scarcely hope to beat him. 
Yet his " Queen " pines did take the first prize at a competi- 
tion with the Duke, — though this was not until shortly after 
his death, when the plants had become more fully gro^ni. 
His grapes also took the first prize at Eotherham, at a com- 
petition open to all England. He was extremely suocesBful 
in producing melons, having invented a method of sus- 
pending them in baskets of wire gauze, which, by relieving 
ilie stalk from tension, allowed nutrition to proceed more 
freely, and better enabled the fruit to grow and ripen. 

He took much pride also in his growth of cucumbers. 
lie raised them veiy fine and large, but he could not laake 
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ihem grow straight. Place them as he would, notwith- 
Btanding all his propping of them, and humouring them by 
modifying the application of heat and the admission of 
ligh.t for the purpose of effecting his object, they would 
still insist on growing crooked in their own way. At last 
he had a number of glass cylinders made at Newcastle, for 
the purpose of an experiment; into these the growing 
cucumbers were inserted, and then he succeeded in grow- 
ing them perfectly straight. Carrying one of the new 
products into his house one day, and exhibiting it to a 
party of visitors, he told them of the expedient he had 
adopted, and adde<l gleefully, "I think I have bothered 
them noo ! " 

Mr. Stephenson also carried on farming operations with 
Bome success. He experimented on manure, and fed cattle 
after methods of his own. He was very particular as to 
breed and build in stock-breeding. ** You see, sir," he said 
to one gentleman, " I like to see the coo's back at a gradient 
something like this " (drawing an imaginary line with his 
hand), " and then tho ribs or girders will carry more flesh 
than if they were so — or so." When he attended the 
county agricultural meetings, which he frequently did, he 
was accustomed to take part in the discussions, and he 
brought the same vigorous practical mind to bear upon 
questions of tillage, drainage, and &,rm economy, which he 
had been accustomed to exercise on mechanical and en- 
gineering matters. 

All his early affection for birds and animals revived. 
He had favourite dogs, and cows, and horses ; and again he 
began to keep rabbits, and to pride himself on the beauty 
of his breed. There was not a bird's nest upon the grounds 
that he did not know of; and from day to day he went 
round watching the progress which the birds made with 
their building, carefully guarding them from injury. Ko 
one was more minutely acquainted with the habits of 
British birds, the result of a long, loving, and close observa- 
tion of nature. 
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At Tapton he remembered i'aQ failure of his early ex- 
periment in hatching birds' eggs by heat, and lie now 
performed it snocessfully, being able to seciire a proper 
apparatus for maintaining a uniform temperature. He was 
also curious about the breeding and fattening of foivls ; and 
when his friend Edward Pease of Darlington visited, him 
at Tapton, he explained a method which he had invented 
for fattening chickens in half the usual time. 

Mrs. Stephenson tried to keep bees, but found they -woidd 
not thrive at Tapton. Many hives perished, and tliere was 
no case of success. The cause of failure was a puzzle to 
the engineer ; but one day his acute powers of observation 
enabled him to unravel it. At the foot of the hill on -w^hich 
Tapton House stands, he saw some bees trying to rise up 
from amongst the grass, laden with honey and wax. They 
were already exhausted, as if with long flying ; and then 
it occurred to him that the height at which the house stood 
above the bees* feeding-ground rendered it difficult for 
them to reach their hives when heavy laden, and hence 
they sank exhausted. He afterwards incidentally men- 
tioned the circumstance to Mr. Jesse the naturalist, who 
concurred in his view as to the cause of failure, and was 
much struck by the keen observation which had led to its 
solution. 

Mr Stephenson had none of the in-door habits of the 
student. He read very little ; for reading is a habit which 
is generally acquired in youth ; and his youth and manhood 
had been for the most part spent in hard work. Books 
wearied him, and sent him to sleep. Novels excited his 
feelings too much, and he avoided them, though he would 
occasionally read through a philosophical book on a subject 
in which he felt particularly interested. He wrote very 
few letters with his own hand ; nearly all his letters were 
dictated, and he avoided even dictation when he could 
His greatest pleasure was in conversation, from which he 
gathered most of his imparted information. 

It was his practice, when about to set out on a journey by 
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railway, to walk along the train before it started, and look 
into the carriages to see if he could find "a conversable 
face." On one of these occasions, at the Euston Station, he 
discovered in a carriage a very handsome, manly, and 
intelligent face, which he afterwards found was that of 
the late Lord Denman. He was on his way down to his 
seat at Stony Middleton, in berbyshire. Mr. Stephenson 
entered the carriage, and the two were shortly engaged in 
interesting conversation. It turned upon chronometry and 
horology, and the engineer amazed his lordship by the 
extent of his knowledge on the subject, in which he dis- 
played as much minute information, even down to the latest 
improvements in watchmaking, as if he had been bred a 
watchmaker and lived by the trade. Lord Denman was 
curious to know how a man whose time must have been 
mainly engrossed by engineering, had gathered so much 
knowledge on a subject quite out of his own line, and he 
asked the question, "I learnt clockmaldng and watch- 
making," was the answer, " while a working man at Killing- 
worth, when I made a little money in my spare hours, by 
cleaning the pitmen's clocks and watches ; and since then 
I have kept up my information on the subject." This led 
to further questions, and then Mr. Stephenson told Lord 
Denman the interesting story of his life, which held him 
entranced during the remainder of the journey. 

Many of his friends readily accepted invitations to Tapton 
House to enjoy his hospitality, which never failed. With 
them he would " fight his battles o'er again," reverting to 
his battle for the locomotive ; and he was never tired of 
telling, nor were -his auditors of listening to, the lively 
anecdotes with which he was accustomed to illustrate the 
striggles of his early career. Whilst walking in the w(>ods 
or through the grounds, he would arrest his friend's 
attention by allusion to some simple object, — such as a leaf, 
a blade of grass, a bit of bark, a nest of birds, or an ant 
carrying its eggs across the path, — and descant in glowing 
terms upon the creative power of the Divine Mechanician, 
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whose contrivances were so exhaustless and so wonderful. 
This was a theme upon which he was often accustomed to 
dwell in reverential admiration, when in the society of Lis 
more intimate friends. 

One night, when walking under the stars, and gazing up 
into the field of suns, each t-he probable centre of a system, 
forming the Milky Way, a friend said to him, " W hat an in- 
significant creature is man in sight of so immense a creation 
as that ' " " Yes ! " was his reply ; "but how wonderful a 
creature also is man, to be able to think and reason, and 
even in some measure to comprehend. works so infinite ! " 

A microscope, which he had brought down to Tapton, 
was a source of immense enjoyment to him ; and he was 
never tired of contemplating the minute wonders which it 
revealed. One evening, when some friends were visiting 
him, he induced them each to puncture their skin so as to 
draw blood, in order that he might examine the globules 
through the microscope. One of the gentlemen present was 
a teetotaller, and Mr. Stephenson pronounced his blood to 
be the most lively of the whole. He had a theory of his 
cwTi about the movement of the globules in the blood, which 
has since become familiar. It was, that they were respec- 
tively charged with electricity, positive at one end and 
negative at the other, and that thus they attracted and 
repelled each other, oausing a circulation. No sooner did 
he observe anything now, than he immediately set about 
devising a reason for it. His training in mechanics, his 
practical familiarity with matter in all its forms, and the 
strong bent of his mind, led him first of all to seek for a 
mechanical explanation. And yet he was ready to admit that 
there was a something in the principle of life — so mysterious 
and inexplicable — which baffled mechanics, and seemed to 
dominate over and control them. He did not care much, 
either, for abstruse mechanics, but only for the experimental 
and practical, as is usually the case with those whose know- 
ledge has been self-acquired. 

Even at his advanced age, the spirit of frolic had not left 
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liim. "When proceeding from Chesterfield Btation fo Tapton 

House with liia 

friends, he would 

almost inTariably 

challenge them to 

a race up the steep 

path, partly formed 

of stone steps, along 

the hill side. And 

he would struggle, 

aB of old, to keep 

the front place, 

though by this time 

his " wind " had 

greatly failed. He 

would occasionally 

invite an old friend 

to take a quiet 

wrestle with him 

on the lawn, to 

keep up his skiU, 

and perhaps to try 

of throwing. In 



indulge his visitors by reciiing the old pastoral of " Damon 
and Phyllis," or singing his favourite song of " John Ander- 
son my Joe." But his greatest glory amongst those with 
whom he was moat intimate, was a " crowdie ! " " Let's have 
a crowdie night," ho would say ; and forthwith a kettle of 
boiling water was ordered in, with a basin of oatmeal. 
Taking a large bowl, containing a sufficiency of hot water, 
and i)lacing it between his knees, he poured in oatmeal with 
ono hand, and stirred the mixture vigorously with the 
other. \\ hen enough meal had been added, and the stirring 
waa completed, the crowdie was mada It was then supped 
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with now milk, and Stephenson generally pirmoimced it 
" capital ! " It was the diet to which he had been accus- 
tomed when a working man, and all the dainties with 
which he had become familiar in recent years had not 
spoiled his simple tastes. To enjoy cro'wdie at his age, 
besides, indicated that he still possessed that quality on 
which no doubt much of his practical success in life had 
depended, — a strong and healthy digestion. 

He would also frequently invite to his house the humbler 
companions of his early life, and take pleasure in talking 
over old times with them. He never assumed any of the 
bearings of a great man on such occasions, but treated the 
visitors with the same friendliness and respect as if they 
had been his equals, sending them away pleased with them- 
selves and delighted 'with him. At other times, needy men 
who had known hiin in youth would knock at his door, and 
they were never refused access. But if he had heard of 
any misconduct on their part he would rate them soundly. 
One who knew him intimately in private life has seen him 
exhorting such backsliders, and denouncing their miscon- 
duct and imprudence with the tears streaming down his 
cheeks. And he would generally conclude by opening his 
purse, and giving them the help which they needed "to 
make a fresh start in the world." 

Mr. Stephenson's life at Tapton during his latter years 
was occasionally diversified with a visit to London. His 
engineering business having become limited, he generally 
went there for the purpose of visiting friends, or " to see 
what there was fresh going on." He found a new race of 
engineers springing up on all hands — men who knew him 
not; and his London journeys gradually ceased to yield 
him pleasure. A friend used to take him to the opera, 
but by the end of the first act, he was generally in a pro- 
found slumber. Yet on one occasion he enjoyed a visit to 
the Haymarket with a party of friends on his birthday, to 
tee T. P. Cooke, in " Black-eyed Susan ; " — if that can be 
onlled ei^joyment which kept him in a state of tears during 
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h.alf the performance. At other times lie visited New- 
castle, which always gave him great pleasure. He would, 
oil STioh occasions, go out to Killingworth and seek up 
old friends, and if the people whom he knew were too 
retiring, and shrunk into their cottages, he went and 
Bonglit them there. Striking the floor with his stick, 
and holding his noble person upright, he would say, in his 
cwn kind way, "Well, and how's all here to-day?" To 
the last he had always a warm heart for Newcastle and its 
neighbourhood. 

Sir Eobert Peel, on more than one occasion, invited 
George Stephenson to his mansion at Drayton, where he was 
accustomed to assemble round him men of the highest dis- 
tinction in art, science, and legislation, during the intervals 
of his parliamentary life. The first invitation was respect- 
fully declined. Sir Eobert invited him a second time, and 
a second time he declined: "I have no great ambition," 
he said, " to mix in fine company, and perhaps should feel 
out of my element amongst such high folks." But Sir 
Robert a third time pressed him to come down to Tam 
worth early in January, 1845, when he would meet Buck- 
land, Follett, and others well known to both. " Well, Sir 
Robert," said he, " I feel your kindness very much, and can 
no longer refuse : I will come down and join your party." 

Mr. Stephenson's strong powers of observation, together 

with his native humour and shrewdness, imparted to his 

conversation at all times much vigour and originality, 

and made him, to young and old, a delightful companion. 

Though mainly an engineer, he was also a profound thinker 

on many scientific questions; and there was scarcely a 

subject of speculation, or a department of recondite science, 

on which he had not employed his faculties in such a way 

as to have formed large and original views. At Drayton, 

the conversation usually turned upon such topics, and 

Mr. Stephenson freely joined in it. On one occasion, an 

animated discussion took place between himself and Dr. 

Buckland on one of his favourite theories as to the fonaa- 
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tion of coal. But the result was, that Dr. Buekland, a 
much greater master of tongue-fence than Mr. Stephenson, 
completely silenced him. Kext morning, before breakfeist, 
when he was walking in the grounds, deeply pondering. 
Sir William Follett came up and asked what he was think- 
ing about ? " Why, Sir William, I am thinking over that 
argument I had with Buekland last night ; I know I am 
right, and that if I had only the conunand of words which 
he has, I'd have beaten him." " Let me know all about it," 
said Sir William, "and I'll see what I can do for you." 
The two sat down in an arbour, and the astute lawyer 
made himself thoroughly acquainted with the points 
of the case ; entering into it with all the zeal of an 
advocate about to plead the dearest interests of his 
client. After he had mastered the subject, Sir William rose 
up, rubbing his hands with glee, and said, "Now I am 
ready for him." Sir Kobert Peel was made acquainted with 
the plot, and adroitly introduced the subject of the contro- 
versy after dinner. The result was, that in the argument 
which followed, the man of science was overcome by the 
man of law ; and Sir William Follett had at all points the 
mastery over Dr. Buekland. " What do you say, Mr. Ste- 
phenson ? " asked Sir Robert, laughing. " Why," said he, " I 
will only say this, that of all the powers above and under 
the earth, there seems to me to be no power so great as the 
gift of the gab." * 

One Sunday, when the party had just returned from 
church, they were standing together on the terrace near 
the Hall, and observed in the distance a railway-train 
flashing along, tossing behind its long white plume of 
steam. "Now Buekland," said Stephenson, "I have a 
poser for you. Can you tell me what is the power that is 
driving that train ? '* " Well," said the other, " I suppose 
it is one of your big engines." "But what diives the 
engine?" "Oh, veiy likely a canny Newcastle driver." 



' The 'ibove anecdote is given on the authority of Mr. Sop with, F.B.S. 
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What do you say to the light of the sun ? " " How can 
that be ^ " asked the doctor. " It is nothing else," said the 
engineer "it is light bottled up in the earth for tens of 
thousands of years, — L'ght, absorbed by plants and vege- 
tables, being necessary for the condensation of carbon 
during the process of their growth, if it be not carbon 
in another form, — and now, after being buried in the earth 
for long ages in fields of coal, that latent light is again 
brought forth and liberated, made to work as in that loco- 
motive, for great human purposes." 

During the same visit, Mr. Stephenson, one evening 
repeated his experiment with blood drawn from the finger, 
submitting it to the microscope in-order to show the curious 
circulation of the globules. He set the example by pricking 
his own thumb; and the other guests, by turns, in like 
manner, gave up a small portion of their blood for the 
purpose of ascertaining the comparative livelinesss of their 
circulation. When Sir Eobert Peel's turn came, Mr. Ste- 
phenson said he was curious to know "how the blood 
globules of a great politician would conduct themselves." 
Sir Eobert held forth his finger for the purpose of being 
pricked ; but once, and again, he sensitively shrunk back, 
and at length the experiment, so far as he was concerned, 
was abandoned. Sir Robert Peel's sensitiveness to pain was 
extreme, and yet he was destined, a few years after, to die 
a death of the most distressing agony. 

In 1847, the year before his death, Mr. Stephenson was 
again invited to join a distinguished party at Drayton 
Manor, and to assist in the ceremony of formally opening 
the Trent Valley Railway, which had been originally 
designed and laid out by himself many years before. The 
first sod of the railway had been cut by the Prime Minister, 
in November, 1845, during the time when Mr. Stephenson 
was abroad on the business of the Spanish railway. The 
formal opening took place on the 26th June, 1847, the line 
having ^us been constructed in less than two years. 

What a change had come over the spirit of the landed 
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gentsy since the time wlien Gejorge Stephenson bad first 
projected a railway through that district ! Then tliey -were 
up in armfi against him, characterising him as the devastator 
and spoiler of their estates ; now he was hailed as one of 
the greatest benefactors of the age. Sir Robert Peel, the 
chief political personage in England, welcomed him as a 
gnest and friend, and spoke of him as the cliief among 
practical philosophers. A dozen members of Parliament, 
seven baronets, with all the landed magnates of the district, 
assembled to celebrate the opening of the railway. The 
clergy were there to bless the enterprise, and to bid a]l 
hail to railway progress, as " enabling them to carry on 
with greater facility those operations in connexion with 
religion which were calculated to be so beneficial to the 
country." The army, speaking through the mouth of 
General A'Court, acknowledged the vast importance of 
railways, as tending to improve the military defences of the 
country. And representatives from eight corporations were 
there to acknowledge the great benefits which railways 
had conferred upon the merchants, tradesmen, and w^orking 
classes of their respective towns and cities. 

In the spring of 1848 Mr. Stephenson was invited to 
Whittington House, near Chesterfield, the residence of his 
friend and former pupil, Mr. Swanwick, to meet the dis- 
tinguished American, Emerson. Upon being introduced, 
they did not immediately engage in conversation; but 
presently Stephenson jumped up, took Emerson by the 
collar, and giving him one of his friendly shakes, asked 
how it was that in England we could always tell an 
American ? This led to an interesting conversation, in the 
course of which Emerson said how much he had been 
everywhere struck by the haleness and comeliness of tht 
English men and women; and then they diverged into 
a further discussion of the influences which air, climate, 
moisture, soil, and other conditions exercised upon the 
physical and moral development of a people. The con- 
versation was next directed to the subject of electricity, 
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apon which Stephenson larinched out enthusiastically, ex- 
plaining his views by several simple and striking illus- 
trations. From thence it gradually turned to the events 
of his own life, which he related in so graphic a manner as 
completely to rivet the attention of the American. After- 
wards Emerson said, "that it was worth crossing the 
Atlantic to have seen Stephenson alone ; he had such na- 
tive force of character and vigour of intellect." 

The rest of Mr. Stephenson's days were spent quietly 

at Tapton, amongst his dogs, his rabbits, and his birds. 

When not engaged about the works connected with his 

collieries, he was occupied in horticulture and farming. 

He continued proud of his flowers, his fruits, and his crops ; 

and the old spirit of competition was still strong within 

him. Although he had for some time been in delicate 

health, and his hand shook from nervous affection, he 

appeared to possess a sound constitution. Emerson had 

observed of him that he had the lives of many men 

in him. But perhaps the American spoke figuratively, in 

reference to his vast stores of experience. It appeared that 

he had never completely recovered from the attack of 

pleurisy which seized him during his return from Spain. 

As late, however, as the 26th July, 1848, he felt himself 

sufficiently well to be able to attend a meeting of the 

Institute of Mechanical Engineers at Birmingham, and to 

read to the members his paper "On the Fallacies of the 

Kotatory Engine." It was his last appearance before them. 

Shortly after his return to Tapton, he had an attack of 

intermittent fever, from which he seemed to be recovering, 

when a sudden effusion of blood from the lungs carried 

him off, on the 12th August, 1848, in the sixty-seventh 

year of his age. When all was over, Eobert wrote to 

Edward Pease, " With deep pain I inform you, as one of 

his oldest friends, of the death of my dear father this 

morning at 12 o'clock, after about ten days' illness from 

severe fever." Mr. Starbuck, who was also present, wrote, 

"The ^vourable symptoms of yesterday morning were 

v. 2 a 
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towardfl evening followed by a serious change for the inroraa 

This oontinued during the night, and early this moming it 

became evident that he was sinking. At a feyv minutee 

before 12 to-day he breathed his last All that the most 

devoted and unremitting care of Mrs. Stephenson * and the 

«kill of medicine could accomplish, has been done, bat 

• • ♦» . 

m vam. 

George Stephenson's remains were followed to the grave 
by a large body of his workpeople, by whom he was greatly 
Hdmired and beloved. They remembered him as a kind 
master, who was ever ready actively to promote all meaHores 
fur their mo\al, physical, and mental improvi^nient. The 
inhabitants of Chesterfield evinced their respect for the 
deceased by suspending business, closing theii shops, and 
joining in the funeral procession, which was headed by the 
corporation of the town. Many of the surrounding gentry 
also attended. The body was interred in Trinity Church, 
Chestei-field, where a simple tablet marks the great engi- 
neer's last resting-place. 

The statue of George Stephenson, which the Liverpool 
and Manchester and Grand Junction Companies had com- 
missioned, was on its way to England when his death 
occurred; and it served for a monument, though his best 
monument will always be his works. The statue referred 
to was placed in St George's Hall, Liverpool A fall-length 
statue of him, by Bailey, was also erected a few years later, 
in the noble vestibule of the London and North- Western 
Station, in Euston Square. A subscription for the purpose 
was set on foot by the Society of Mechanical Engineers, of 
which he had been the founder and president. A few 
advertisements were inserted in the newspapers, inviting 
subscriptions; and it is a notable fact that the voluntaiy 
offerings included an average of two shillings each froai 



* The second Mrs. Stephenson 
having diod in 1845, George mar- 
ried a thii'd time in ]848, «hout six 



months before his death. The thud 
Mis. Stephenson had for some time 
beuQ his Douaekeeper. 
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3160 worting men, wlio embraJMd this opportunity of doing 
iionour to their diatinguished fellow workman. 

But Tinquestionably the finest and most appropriate statue 
to the memory of George Stephenson is that erected' in 1862, 



after the design of John Lough, at Kewcastle-npon Tyne. 
It is in the immediate neighbourhood of the Literary and 
Philosophical Institute, to which both George and his sou 
Robert were so much indebted in their early years ; close to 
tile great Stephenson locomotive foundry established by 
the shrewdness of the father; and in the vicinilj of the 
High Level Bridge, one of the grandest products of the 
genius of the son. The head of Stephenson, aa expressed 
in this noble work, is massive, characteristic, and faithful ; 
and the attitude of the figure is simple yet manly and 
enei^etio. It stands on a pedestal, at the respective comers 
of which are sculptured the recumbent figures of a pitman, 
a mechanician engine-driver, and a plate-layer. The statue 
S - 2 
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appropriately stands in a very thoroughfare of ■working- | 
men, thousands of whom see it daily as they pass to and 
from their work ; and we can imagine them, aa they look 
up to Stephenson's manly figure, applying to it the word* 
addressed by Robert Kicoll to Robert Bums, with perhaps 
Btill greater appropriateness : — 

" Before the proudest of the earth 

We stand, with an uplifted brow; 
Like us, thou wast a, toiling man, — 

Aud we are nohle, now I " 
The portrait prefixed to this volume gives a good indica- 
tion of Geoi^e Stephenson's shrewd, kind, honest, manly 
face. His fair, clear countenance was ruddy, and seemingly 
glowed with health. The forehead was large and high, 
projecting over the eyes, and there was that massive breadth 
across the lower part which is usually observed in men of 
eminent constructive skilL The mouth was firmly marked, 
and shrewdness and humour lurked there as well as in the 
keen grey eye. His frame was compact, well-knit, and 
rather spare. His hair became grey at an early age, and 
towards die close of his life it was of ft pure silky whiteness. 
He dressed neatly in black, wearing a white neckcloth ; and 
his fece, his person, and his deportment at once arrested 
attention, and marked the Gentleman. 
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CHAPTER XIX. 

TtoBERT Stbphbnbon's Vicftobia Bridge, Lowek Canada — 
Illnebb and Dbath — Stephenson OHABAaiBRiaTics. 

George Stephenson bequeathed to his son his valuable 
coUierieB, his share in the engine manufactory at Newcastle, 
and his large accumulation of savings, which, t<^ther with 
the fortune he had himself amassed by railway work, gave 
Robert the position of an engineer millionaire — the first of 
his order. He continued, however, to live in a quiet B^le ; 
and although he bought occasional pictures and statues, and 
indulged in the luxury of a yacht, he did not live up to his 
income, which went on rapidly accumulating until his death. 
There was no longer the necessity for applying himself 
to the laborious business of a parliamentary engineer, in 
which he had now been occupied for some fifteen years. 
Shortly after his father's death, Edward Pease strongly 
recommended him to give up the more harassing work of 
his piofession; and bis reply Cl5th June, 1850) was as 
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follows : — " The suggestion which your kind note contsdm 
is quite in accordanoe with my own feeHxigs and intentfons 
respecting retirement ; but I find it a very difficult matter 
to bring to a close so complicated a connexion in business 
as that which has been established by twButy-Gve years d 
active and arduous professional duty. Cojnparative retire- 
ment is, however, my intention; and I tnist that your 
prayer for the Divine blessing to grant me liappiness and 
quiet comfort will be fufilled. I cannot but ieel deeplj 
grateful to the Great Disposer of events for the success 
which has hitherto attended my exertions iix life ; and I 
trust that the future will also be marked by a continuance 
of His mercies." 

Although Robert Stephenson, in conformity -^ith this 
expressed intention, for the most part declined to undertake 
new business, he did not altogether lay aside his harness; 
and he lived to repeat his tubular bridges both in. X«ower 
Canada and in Egypt. The success of the tubular systeniy 
as adopted at Menai and Conway, was such as to recom- 
mend it for adoption wherever great span was required; 
and the peculiar circumstances connected with the naviga- 
tion of the St. Lawrence and the ^^'ile, may be said to have 
compelled its adoption in carrying railways across those 
great livers* 

The Victoria Bridge, of which Robert Stephenson wa« 
the designer and chief engineer, is, without exception, the 
greatest work of the kind in the world. For gigantic pro- 
portions and vast length and strength there is nothing to 
compare with it in ancient or modem times. The entire 
bridge, with its approaches, is only about sixty yards short 
of two miles, being five times longer than the Britannia 
across the Menai Straits, seven and a half times longer than 
Waterloo Bridge, and more than ten times longer than tlie 
new Chelsea Bridge across the Thames! It has not lef^s 
than twenty-four spans of 242 feet each, and one great 
central span — itself an immense bridge — of 330 feet. The 
road is carried within iron tubes 60 feet above the level of 
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the St. Lawrenoe, wLich runs beneath at a speed of about 
ten miles an hour, and in winter brings down the ice of two 
tliousand square miles of lakes and rivers, with their nume- 
rous tributaries. The weight of iron in the tubes is about ten 
thousand tons, supported on massive piers, which contain, 
some six, and others ten thousand tons of solid masonry.. 

So gigantic a work, involving so heavy an expenditure 
— about 1,300,000/. — was not projected without sufficient 
cause. The Grand Trunk Eailway of Canada, upwards cl 
1200 miles in length, traverses British North America from 
the shores of the Atlantic to the rich prairie country of the 
Far West. It opens up a vast extent of fertile territory for 
future immigration, and provides a ready means for trasport- 
ing the varied products of the Western States to the sea- 
board. So long as the St. Lawrence was relied upon, the 
inhabitants along the Great Valley were precluded from 
communication with each other for nearly six months ot 
the year, during which the navigation was closed by the ice. 
The Grand Trunk Eailway was designed to furnish a 
line of communication through this great district at all 
seasons ; following the course of the St Lawrence along its 
north bank, and uniting the principal towns of Canada. 
But stopping short on the north shore, it was still an in- 
complete work; unconnected, except by a dangerous and 
often impracticable ferry, with Montreal, the capital of the 
province, and shut off from connection with the United 
States, as well as with the coast to which the commerce of 
Canada naturally tends. Without a bridge at Montreal, 
therefore, it was felt that the system of Canadian rail- 
way communication would have been incomplete, and the 
benefits of the Grand Trunk Eailway in a great measure 
nugatory. 

As early as 1846 the oonstruction of a bridge across the 
St. Lawrence at Montreal was strongly advocated by 
the local press for the purpose of directly connecting that 
city with the then projected Atlantic and St. Lawrence 
Railway. A survey of the bridge was made, and ^hn 
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icheine was reported to be practicable. A period lyf oolonial 
depression, however, intervened, and althongh the project 
was not lost sight ot it was not until 1852, when the Grand 
Trunk Bailway Company began their operations, that there 
seemed to be any reasonable prospect of its being carried 
out. In that year, Mr. A. M. Ross — who had superintended, 
under Robert Stephenson, the construction of the tubular 
bridge over the Conway — visited Canada, and inspected the 
site of the proposed bridge, when he readilj*- arrived at the 
conclusion that a like structure was suitable for the crossing 
of the St Lawrence. He returned to England to confer 
with Robert Stephenson on the subject, and the result was 
the plan of the Victoria Bridge, of which Robert Stephenson 
was the designer, and Mr. A. M. Ross the joint and resident 
engineer. 

The particular kind of structure to be adopted, however, 
formed the subject of much preliminary discussion. Even 
after the design of a tubular bridge had been adopted, 
and the piers were commenced, the plan was made the 
subject of severe criticism, on the ground of its alleged 
excessive cost. It therefore became necessary for Mr. 
Stephenson to vindicate the propriety of his design in a 
report to the directors of the railway, in which he satisfac- 
torily proved that as respected strength, efficiency, and 
economy, with a view to permanency, the plan of the 
Victoria Bridge was unimpeachable. There were various 
methods proposed for spanning the St Lawrence. The 
suspension bridge, such as that over the river Niagara, was 
foun(J inapplicable for several reasons, but chiefly because 
of its defective rigidity, which greatly limited the speed and 
weight of the trains, and consequently the amount of traffic 
which could be passed over such a bridge. Thus, taking the 
length of the Victoria Bridge into accoimt, it was found 
that not more than 20 trains could pass within the 24 
hours, a number insufficient for the accommodation of the 
anticipated traffic. To introduce such an amount of mate* 
rial into the suspension bridge as would supply increased 



CiiAP. XK. HORIZONTAL GIRDERS. 361 

rigidity, would only be approximatiiig to the original beam, 

and neutralizing any. advantages in point of cheapness 

whicli might be derivable from this form of structure, 

without securing the essential stifl&iess and strength. Iron 

arches were also considered inapplicable, because of the 

large headway required for the passage of the ice in winter, 

and the necessity which existed for keeping the springing 

of the arches clear of the water-line. This would have 

involved the raising of the entire road, and a largely 

increased expenditure on the upper works. The question 

was therefore reduced to the consideration of the kind of 

horizontal beam or girder to be employed. 

Horizontal girders are of three kinds. The Tubular is 

constructed of riveted rectangular boiler plates. Where 

the span is large, the road passes within the tube ; where 

the span is comparatively smaU, the roadway is supported 

by two or more rectangular beams. Next there is the 

Lattice girder, borrowed from the loose rough timber bridges 

of the American engineers, consisting of a top and bottom 

flange connected by a number of flat iron bars, riveted 

across each other at a certain angle, the roadway resting on 

the top, or being suspended at the bottom between the 

lattice on either side. Bridges on the same construction 

are now extensively used for crossing the broad rivers of 

India, and are especiallly designed with a view to their 

easy transport and erection. The Trellis or Warren girder 

is a modiflcation of the same plan, consisting of a top and 

bottom flange, with a connecting web of diagonal flat bars, 

forming a complete system of triangulation — hence the 

name of "Triangular girder," by which it is generally 

known. The merit of this form consists in its comparative 

rigidity, strength, Ughtness, and economy of material 

These bridges are also extensively employed in spanning 

the rivers of India. One of the best specimens is the 

Crmnlin viaduct, 200 feet high at one point, which spans 

the river and valley of the Ebbw near the village of Crumlin 

in South Wale& This viaduct is about a third of a icil« 
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long, divided into two parts by a ridge of hills wliich runtf 
through the centre of the valley — each part forriing- a 
separate viaduct, the one of seven equal spans of 150 feet, 
the other of three spans of the same diameter. The bridge 
has been very skilfully designed and constructed, and, by- 
reason of its great dimensions and novel arrangements, is 
antitled to be regarded as one of the most remarkable 
engineering works of the day. 

'^ In calculating the strength of these different classes of 
girders," Mr. Stephenson observed, "one ruling principle 
appertains, and is common to all of them. Primarily and 
essentially, the ultimate strength is considered to exist in 
the top and bottom, — ^the former being exposed to a com- 
pression force by the action of the load, and the latter to a 
force of tension; therefore, whatever be the class or de- 
nomination of girders, they must all be alike in amoimt of 
effective material in these members, if their spans and 
depths are the same, and they have to sustain the same 
amount of load. Hence, the question of comparative merit 
amongst the different classes of construction, of beams or 
girders is really narrowed to the method of connecting the 
top and bottom u?e&«, so called." In the tubular system the 
connexion is effected by continuous boiler plates riveted 
together ; and in the lattice and trellis bridges by flat iron 
bars, more or less numerous, foipning a series of struts and 
ties. Those engineers who advocate the employment of the 
latter form of construction, set forth as its principal advan- 
tage the saving of material which is effected by employing 
bars instead of iron plates; whereas Mr. Stephenson and 
his followers urge, that in point of economy the boiler plate 
side is equal to the bars, whilst in point of effective strength 
and rigidity it is decidedly superior. To show the compa- 
rative economy of material, he contrasted the lattice girder 
bridge over the river Trent, on the Great Northern Railway 
near Newark, with the tubes of the Victoria Bridge. In 
the former case, where the span is 240^ feet, and the bridge 
13 feet wide, the weight including bearings is 292 tons; 
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-^- in tHe latter, where the span is 242 feet, the width of the 

_ tube 16 feet, the weight includJng bearings is 275 tonj*. 

fiko-wing a balance in favour of the Victoria Tube of 17 tons. 

^ Tlie comparison between the Newark Dyke Bridge and the 

Tubular Bridge over the river Aire is equally favourable to 

the latter ; and no one can have travelled over the Great 

Northern line to York without noting that, as respects 

rigidity under the passing train, the Tubular Bridge is 

decidedly superior. It is ascertained that the deflection 

caused by a passing load is considerably greater in the 

former case ; and Mr. Stephenson was also of opinion that 

the «ide8 of all trellis or lattice girders are useless, except 

for the purpose of connecting the top and bottom, and 

keeping them in their position. They depend upon their 

connexion with the top and bottom webs for their own 

support ; and since they could not sustain their shape, but 

would collapse immediately on their being disconnected 

from their top and bottom members, it ifl evident tliai lljey 

^ add to the strain upon them, and consequently to that 

^ extent reduce the ultimate strength of the beams. "I 

admit," he added, " that there is no formula for valuing the 

solid sides for strains, and that at present we only ascribe 

to them the value or use of connecting the top and bottom ; 

yet we are aware that, from their continuity and solidity, 

they are of value to resist horizontal and many other strains, 

independently of the top and bottom, by which they add 

very much to the stifi&iess of the beam ; and the feet of 

their containing more material than is necessary to connect 

the top and bottom webs, has by no means been fairly 

established." Another important advantage of the Tubular 

bridge over the Trellis or Lattice structure, consists in itg 

greater safety in event of a train running off the line, — a 

contingency which has more than once occurred on a 

tubular bridge without detriment, whereas in event of such 

an accident occurring on a Trellis or Lattice bridge, it must 

mfallibly be destroyed. \Vhere the proposed bridge is of 

the unusual length of a mile and a quarter, it is obvious 
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that this oonsideration must have had no small weight 
with the directors, who eventually decided on proceeding 
with the Tubular Bridge according to Mjr. Stephenson's 
oiiginal design. 

From the first projection of the Victoria Bridge, the 
difficulties of executing such a work across a wide river, 
down which an avalanche of ice rushes to tlie sea eveiy 
spring, were pronounced almost insuimountaUe hy those 
best acquainted with the locality. The ice o£ two thou- 
sand miles of inland lakes and upper rivers, besides their 
tributaries, is then poured down stream, and, in tiie neigh- 
bourhood of Montreal especially, it is often piled up to 
the height of from forty to fifty feet, placing the sur- 
rounding country under water, and doing severe damage 
to the massive stone buildings along the noble ri^rer front 
of the city. To resist so prodigious a pressure, it was 
necessary that the piers of the proposed bridge should be 
of the most solid and massive description. Their founda- 
tions are placed in the solid rock ; for none of the artificial 
methods of obtaining foundations, suggested by some en- 
gineers for cheapness' sake, were foimd practicable in this 
case. Where the force exercised against the piers was likely 
to be so great, it was felt that timber ice-breakers, timber 
or cast-iron piling, or even rubble- work, would have proved 
but temporary expedients. The two centre piers are 
eighteen feet wide, and the remaining twenty-two piers 
fifteen feet ; to arrest and break the ice, an inclined 
plane, composed of great blocks of stone, was added to the 
up-river side of each pier — each block weighing from seven 
to ten tons, and the whole were firmly clamped together 
with iron rivets. 

To convey some idea of the immense force which these 
piers are required to resist, we may briefly describe the 
breaking up of the ice in March, 1858, while the bridge 
was under construction. Fourteen out of the twenty-four 
piers were then finished, together with the formidable 
abutments and approaches to the bridge. The ice in the 
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river began to show signs of weakness on the 29th March, 
but it was not until the 31st that a general moyement 
became observable, > which continued for an hour, when 
it suddenly stopped, and the water rose rapidly. On the 
follovdng day, at noon, a grand movement commenced; 
the v^aters rose about four feet in two minutes, up to 
a level with many of the Montreal streets. The fields 
of ice at the same time were suddenly elevated to an 
incredible height; and so overwhelming were they in 
pearance, that crowds of the townspeople, who had 
assembled on the quay to watch the progress of the flood, 
ran for their lives. This movement lasted about twenty 
minutes, during which the jammed ice destroyed several 
portions of the quay-wall, grinding the hardest blocks to 
atoms. The embanked approaches to the Victoria Bridge 
had tremendous forces to resist. Tn the full channel of 
the stream, the ice in its passage between the piers was 
broken up by the force of the blow immediately on its 
coming in contact with the cutwaters. Sometimes thick 
sheets of ice were seen to rise up and rear on end against 
the piers, btit by the force of the current they were speedily 
made to roll over into the stream, and in a moment after 
were out of sight. For the two next days ihe river was 
still high, until on the 4th April the waters seemed sud- 
denly to give way, and by the following day the river was 
flowing dear and smooth as a millpond, nothing of winter 
remaining except the masses of bordage ice which were 
suewn along the shores of the stream. On examination 
of the piers of the bridge, it was found that they had 
admirably resisted the tremendous pressure; and tJiough 
the timber " cribwork " erected to fiwjilitate the placing 
of floating pontoons to form the dams, was found con- 
siderably disturbed and in some places seriously damaged, 
the piers, with the exception of one or two heavy stone 
blocks, which were still unfinished, escaped uninjured. 
One heavy block of many tons' weight was carried to li 
considerable distance, and must have been torn out of iia 
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place by sheer foroe, as seyeral of the broken fi::agme&1i 
were found left in the pier. 

The works in connection with the Victoria Bridge were 
begun on the 22nd July, 1854, when the first stone wai 
laid, and continued uninterruptedly during sl period of 5i 
years, until the 17th December, 1859, when the bridge was 
fiuinhed and taken off the contractor's hands. It was 
formally opened for traffic early in 1860; though Robert 
Stephenson did not live to see its completion. 

The tubular system was also applied by the same en- 
gineer, in a modified form, in the two bridges aci'oss the 
Nile, near Damietta in Lower Egypt That near JSenha 
contains eight spans or openings of 80 feet each, a.nd twc 
centre spans, formed by one of the largest swing* bHdges 
ever constructed, — the total length of the swizLg-hesan 
being 157 feet, — a clear water-way of 60 feet being pro- 
vided on either side of the centre pier. The only novelty 
in these bridges consisted in the road being carried upon 
the tubes instead of within them; their erection being 
carried out in the usual manner, by means of worloDien, 
materials, and plant sent out from England. 

During the later years of his life, Mr. Stephenson took 
considerable interest in public affairs and in scientific 
investigations. In 1847 he entered the House of Commons 
as member for Whitby ; but he does not seem to have been 
very devoted in his attendance, and only appeared on 
divisions when there was a " whip " of the party to which 
he belonged. He was a member of the Sanitary and 
Sewage Commissions, and of the Commission which sat 
on Westminster Bridge. The last occasions on which he 
addressed the House were on the Suez Canal and the 
cleansing of the Serpentine. He pronounced the Suez 
Canal to be an impracticable scheme. "I have surveyed 
the line," said he, " 1 have travelled the whole distance on 
foot, and I declare there is no fall between the two seas 
Honourable members talk about a canal. A canal is im- 
possible — the thing would only be a ditoL" 
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Hefeddos oonstructixLg the railway botweeu Alexandria 
Hud Cairo, lie was consulted, like his father, by the King 
of Belgium, as to the railways of that country ; and he was 
naade Knight of the Order of Leopold because of the im- 
provements which he had made in locomotive engines, so 
much to the advantage of the Belgian system of inland 
transit. He was consulted by the King of Sweden as to 
the railway between Christiana and lake Miosen, and in 
consideration of his servicoR was decorated with the Grand 
Cross of the Order of St. Olaf. He also visited Switzerland, 
Piedmont, and Denmark, to advise as to the system of 
railway communication best suited for those countries. At 
the Paris Exhibition of 1865 the Emperor of France de- 
corated him with the Legion of Honour in consideration 
of his public services; and at home the University of 
Oxford made him a Doctor of Civil Laws. In 1855 he 
was elected President of the Institute of Civil engineers, 
which office he held with honour and filled with dis- 
tinguished ability for two years, giving place to his friend 
Mr. Locke at the end of 1857. 

Mr. Stephenson was frequently called upon to act as 
arbitrator between contractors and railway companies, or 
between one company and another, — great value being 
attached to his opinion on account of his weighty judg- 
ment, his great experience, and his upright character, and 
we believe his decisions were invariably stamped by the 
qualities of impartiality and justice. He was always ready 
to lend a helping hand to a friend, and no petty jealousy 
stood between him and his rivals in the engineering world 
The author remembers being with Mr. Stephenson one 
evening at his house in Gloucester Square, when a note 
was put into his Hands from his friend Brunei, then en- 
gaged in his first fruitless efforts to launch the Oreat 
Eastern. It was to ask Stephenson to come down to 
Blackwall early next morning, and give him the benefit 
uf his judgment Shortly after six next morning Ste- 
phonsoD was in Scott BusselVs building-yard, and he 
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remained there until dtusk. Abont midday, while sopa^- 
intending the launching operations, the baulk of tiinb» 
on which he stood canted up, and he fell up to Ms middle 
in the Thames mud. He was dressed as usual, ^thont 
great-coat (though the day was bitter cold), and ^wi£h only 
thin boots upon his feet He was urged to leave the jnai4 
and change his dress, or at least dry himself; but witli 
his usual disregard of health, he replied, " Ob, never mind 
me — I*m quite used to this sort of thing ; *' and be went 
paddling about in the mud, smoking his cigar, until 
almost dark, when the day's work was brought to an 
end. The result of this exposure was an attack of in- 
flammation of the lungs, which kept him to his bed for a 
fortnight. 

He was habitually careless of his health, and perhaps 
he indulged in narcotics to a prejudicial extent. Hence 
he often became " hipped " and sometimes ilL When Mr. 
Sopwith accompanied him to Egypt in the TU^mia^ in 1856, 
he succeeded in persuading Mr. Stephenson to limit Im 
indulgence in cigars and stimulants, and the consequence 
was that by the end of the voyage he felt himself, as he 
said, " quite a new man." Arrived at Marseilles, he tele- 
graphed from thence a message to Great George Street, 
prescribing certain stringent and salutary rules for ob- 
servance in the office there on his return. But he was 
of a facile, social disposition, and the old associations 
proved too strong for him. When he sailed for Norway, 
in the autumn of 1859, though then ailing in health, he 
looked a man who had still plenty of ' life in him. By 
the time he returned, his fatal illness had seized him. 
He was attacked by congestion of the liver, which first 
developed itself in jaundice, and then ran into dropsy, oi 
which he died on the 12th October, in the fiftynsixth year 
of his age.* He was buried by the side of Telford in 



* Id 1829 Bobert Stephenson I Sanderson, merchant, London ; bat 
married Frances, daughter of John | aLe died in 1842, without issua 
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Westminster Abbey, amidst the departed great men of his 
sountry, and wae attended to hie resting-place by many 
>f tt© intimate friends of hia boyhood and his manhood. 
A.inoiig tlioee who assembled round his grave were some 
of tlie greatest men of thought and action in England, 
who embraced the ead occasion to pay the last mark of 
their respect to this illustrioUB son of one of England's 
greatest working men. 



and Mr. Stephenson did not marry I twice in every year to viail hia 
ag^Q, Uiidl the cloee of liis lire, wife's grave ill Hampslead churcli- 
Rubcrt Stephenson was accvutomed | yard. 
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It would be out of keeping with the subject thus dia^ 
to a condufiionf to pronoimoe any panegyric on the 
raoter and achievements of George and Hobert Stephe] 
These for the most part speak for themselves. Both we 
emphaticaUj trae men, exhibiting in their lives 
sterling qualities. No beginning could have been Ic 
promising than that of the elder Stephenson. Born in 
poor condition, yet rich in spirit, he was froni the 
compelled to rely upon himself; and every step of advj 
which he made was conquered by patient labour. Whetin 
working as a brakesman or an engineer, his mind 
always full of the work in hand. He gave himsel 
thoroughly up to it Like the painter, he might say that I 
he had become great ** by neglecting nothing." Whateveifl 
he was engaged upon, he was as careful of the details as 
if each were itself the whole. He did all thoroughly and 
honestly. There was no "scamping" with him. When 
a workman he put his brains and labour into his work; 
and when a master he put his conscience and character 
into it. He would have no slop-work executed merely 
for the sake of profit. The materials must be as genmne J 
as the workmanship was skilful. The structures whidi 
he designed and executed were distinguished for their 
thoroughness and solidity; his locomotives were famoiu 
for their dumbility and excellent working qualities. The 
engines which he sent to the United States in 1832 are 
still in good condition; and even the engines built by 
him for the Killingworth CoUiery, upwards of thirty 
years ago, are working steadily there to this day. All liifl 
work was honest, representing the actual character of Hbe 
man. 

He was ready to turn his hand to anything — shoes and 
clocks, railways and locomotives. He contrived his safeiy- 
lamp with the object of saving pitmen's lives, and perilled 
his own life in testing it \\'hatever work was nearest him, 
he turned to and did it. With him to resolve was to da 
Many men knew &r more than he ; but none were more 
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ready forthwith to apply what he did know to practical 
purposes. It was while working at Willington as a brakes- 
cnan, that he first learnt how best to handle a spade in 
tliro^ng ballast out of the ships' holds. This casual em- 
ployment seems to have left upon his mind the strongest 
impression of what " hard work '* was ; and he often used 
to revert to it, and say to theyonng men about him, " Ah, 
ye lads ! there's none o* ye know what wark is." Mr. Gooch 
says he was proud of the dexterity in handling a spade 
which he had thus acquired, and that he has frequently 
seen him take the shovel from a labourer in some railway 
cutting, and show him how to use it more deftly in filling 
waggons of earth, gravel, or sand. Sir Joshua Walmsley 
has also informed us, that, when examining the works of 
the Orleans and Tours Eailway, Mr. Stephenson, seeing a 
large number of excavators filling and wheeling sand in 
a cutting, at a great waste of time and labour, went up to 
the men and said he would show them how to fill their 
barrows in half the time. He showed them the proper posi- 
tion in which to stand so as to exercise the greatest amount 
of power with the least expenditure of strength ; and he 
filled the barrow with comparative ease again and again in 
their presence, to the great delight of the workmen. When 
passing through his own workshops, he would point out 
to his men how to save labour, and to get through their 
work skilfully and with ease. His energy imparted itself 
to others, quickening and influencing them as strong cha- 
racters always do — flowing down into theirs, and bringing 
out their best powers. 

His deportment towards the workmen employed under 
him was familiar, yet firm and consistent. As he respected 
their manhood, so did they respect his masterhood. Al- 
though he comported himself towards his men as if they 
occupied very much the same level as himself, he yet 
possessed that peculiar capacity for governing which en- 
abled him always to preserve among them the strictest 
discipline, and to secure their cheerful and hearty services. 

2 B 2 
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Mr. Ingham, M.P. for South Shields, on going over ihb 
workshops at Newcastle, was particularly struck yviih. this 
quality of the master in his bearing towards his iu^l 
** There was nothing," said he, " of undue familiarity in 
their intercourse, but they spoke to each other as man to 
man ; and nothing seemed to please the master more than 
to point out illustrations of the ingenuity of lii« artisana 
He took up a rivet, and expatiated on the skill -with -whidi 
it had been fashioned by the workman's hand — ^its perfecfc- 
ness and truth. He was always proud of his workmen and 
his pupils ; and, while indifferent and careless as to what 
might be said of himself, he fired up in a moment if dispa- 
ragement were thrown upon any one whom he had taught 
or trained." 

In manner, George Stephenson was simple, modest, and 
unassuming, but always manly. He was frank and social 
in spirit. When a humble workman, he had carefully pre- 
served his sense of self-respect. His companions looked 
/ up to him, and his example was worth even more to many 

^^ of them than books or schools. His devoted love of know- 

ledge made his poverty respectable, and adorned his 
humble calling. When he rose to a more elevated sta- 
tion, and associated with men of the highest position and 
influence in Britain, he took his place amongst them with 
perfect self-possession. They wondered at the quiet ease 
and simple dignity of his deportment ; and men in the best 
ranks of life have said of him that " He was one of Kature's 
gentlemen." 

Probably no military chiefs were ever more beloved by 
their soldiers than were both father and son by the army of 
men who, under their guidance, worked at labours of profit, 
made labours of love by their earnest will and purposa 
True leaders of men and lords of industry, they were always 
ready to recognise and encourage talent in those who w^orked 
for and with them. Thus it was pleasant, at the openings 
of the Stephenson lines, to hear the chief engineers attri- 
buting the successful completion of the works to their Me 
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assistants ; whilst the assistants, on the other hand, ascribed 
tlie glory to their chiefs. 

Mr. Stephenson, though a thrifty and frugal man, was 
essentially nnsordid. His rugged path in early life made 
liim careful of his resources. He never saved to hoard, but 
saved for a purpose, such as the maintenance of his parents 
or the education of his son. In later years he became a 
prosperous and even a wealthy man; but riches never 
closed his heart, nor stole away the elasticity of his soul. 
He enjoyed life cheerfully, because hopefully. When he 
entered upon a commercial enterprise, whether for others or 
for himself, he looked carefully at the ways and means. 
Unless they would " pay," he held back. " He would have 
nothing to d©^" he declared, "with stock-jobbing specula- 
tions." His refusal to sell his name to the schemes of the 
railway mania— his survey of the Spanish lines without 
remuneration — his offer to postpone his claim for payment 
from a poor company until their affairs became more prosper- 
ous — are instances of the unsordid spirit in which he acted. 
Another marked feature in Mr. Stephenson's character 
was his patience. Notwithstanding the strength of his con- 
victions as to the great uses to which the locomotive might 
be applied, he waited long and patiently for the opportunity 
of bringing it into notice ; and for years after he had com- 
pleted an efficient engine he went on quietly devoting 
himself to the ordinary work of the colliery. He made no 
noise nor stir about his locomotive, but allowed ancfther 
to take credit for the experiments on velocity and friction 
made with it by himself upon the Killingworth railroad. 

By patient industry and laborious contrivance, he was 
enabled, with the powerful help of his son, to do for the 
locomotive what James Watt had done for the condensing 
engine. He found it clumsy and inefficient ; and he made 
it powerful, efficient, and useful. Both have been described 
a£ the improvers of their respective engines ; but, as to all 
that is admirable in their structure or vast in their utility, 
they are rathei entitled to be described as their Inventors 
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Wliile the inyention of Watt increased the poTv^er, and at 
the same time so regulated the action of the steam-engine. 
as to make it capable of being applied alike to the barest 
work and to the finest manufguitnres, the invention of Ste- 
phenson gave an effective power to the locomotive, wiicfc 
enabled it to perform the work of teams of the most power- 
ful horses, and to outstrip the speed of the fleetest. Watts 
invention exercised a wonderfully quickening influence on 
every branch of industry, and multiplied a thousand-fold 
the amount of manufactured productions ; and Stephenson'a 
enabled these to be distributed with an economy and de- 
spatch such as had never before been thought possiUe 
They have both tended to increase indefinitely the mass of 
human comforts and enjoyments, and to rendfer them cheap 
and accessible to all. But Stephenson's invention, by the 
influence which it is daily exercising upon the civilisation 
of the world, is even more remarkable than that of Watt, 
and is calculated to have still more important consequences. 
In this respect, it is to be regarded as the grandest apphca- 
tion of steam power that has yet been discovered. 

The Locomotive, like the condensing engine, exhibits the 
realisation of various capital, but wholly distinct, ideas, 
promulgated by many ingenious inventors. Stephenson, 
like Watt, exhibited a power of selection, combination, and 
invention of his own, by which — while availing himself of 
all that had been done before him, and superadding the 
many skilful contrivances devised by himself — he was at 
length enabled to bring his engine into a condition of mar- 
vellous power and efficiency. He gathered together the 
scattered threads of ingenuity which already existed, and 
combined them into one firm and complete fabric of his 
own. He realised the plans which others had imperfectly 
formed; and was the first to construct, what so many 
others had unsuccessfully attempted, the practical and eco- 
nomical working locomotive. 

Mr. Stephenson's close and accurate observation provided 
Lim with a fulness of information on many subjects, which 
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often appeared surprising to those who had devoted to them 
a special study. On one occasion the accuracy of his know- 
ledge of birds came out in a curious way at a ccnyivial 
meeting of railway men in London. The engineers and 
railway lir^ctors present knew each other as railway men 
and nothil g more. The talk had been all of railways and 
railway politics. Mr. Stephenson was a great talker on 
those subjects, and was genei-ally allowed, from the interest 
of his conversation and the extent of his experience, to take 
the lead. At length one of the party broke in with — 
" Come now, Stephenson, we have had nothing but rail- 
ways ; cannot we have a change and try if wer can talk a 
Uttie about something else ? " " Well," said Mr. Stephen- 
son, " I'll give you a wide range of subjects ; what shall it 
be about?" "Say hirds* nests/" rejoined the other, who 
prided himself on his special knowledge of this subject. 
" Then birds' nests be it." A long and animated conversa- 
tion ensued: the bii*d-nesting of his boyhood, the black- 
bird's nest which his fe-ther had held him up in his arms to 
look at when a child at Wylam, thd hedges in which he 
had found the thrush's and the linnet's nests, the mossy 
bank where the robin built, the cleft in the branch of the 
young tree whore the chafl&nch had reared its dwelling— all 
rose up clear in his mind's eye, and led him back' to the 
scenes of his boyhood at Callerton and Dewley Bum. The 
colour and number of the bird's eggs, the period of their 
incubation, the materials employed by them for the walls 
and lining of their nests, were described by him so vividly, 
and illustrated by such graphic anecdotes, that one of th*> 
party remarked that, if George Stephenson had not been 
the greatest engineer of his day, he might have been one of 
the greatest naturalists. 

His powers of conversation were very great He was so 
thoughtftd, so original, and so suggestive. There was 
Bcarcely a department of science on which he had not 
formed some novel and sometimes daring theory. Thus 
Mr. Qooch, his pupil, who lived with hini when at Livei' 
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pool, informs iw that when sitting over the fire, lie would 
freqiientlj broach his favourite theory of the sun's light 
and heat being the original source of the light and heat 
given forth by the burning coal. " It fed the plants of 
which that coal is made," he would say, "and has been 
bottled up in the earth ever since, to be given out again 
now for the use of man." His son Eobert once said of him, 
" ]My father flashed his bull's eye full upon a subject, and 
brought it out in its most vivid light in an instant : his 
strong common sense, and his varied experience operating 
upon a thoughtful mind, were his most powerful illumina- 
tors." 

Mr. Stephenson had once a conversation with a vi^atch- 
uiaker, whom he astonished by the extent and minuteness 
of his knowledge as to the parts of a watch. The watch- 
maker knew him to be an eminent engineer, and asked 
him how he had acquired so extensive a knowledge of a 
branch of business so much out of his _sphere. " It is veiy 
easy to be explained," said Mr. Stephenson; "I worked 
long at watch-cleaning myself, and when I was at a loss, 
J was never ashamed to ask for information." 

Towards the close of his life he frequently went down to 
Newcastle, and visited the scenes of his boyhood. " I have 
l>een to Callerton," said he one day to a friend, " and seen 
the fields in which I used to puU turnips at twopence a 
day ; and many a cpjd finger, I can tell you, I had." 

His hand was opeii to his former feUow-workmen whom 
old age had left in poverty. To poor Eobert Gray, of 
Newbum, who acted as his bridesman on his marriage to 
I'anny Henderson, he left a' pension for life. He would 
slip a five-pound note into the hand of a poor man or a 
widow in such a way as not to offend their delicacy, but to 
make them feel as if the obligation were all on his side. 
When Farmer Paterson, who married a sister of George's 
first wife, Fanny Henderson, died and left a large young 
family fatherless, poverty stared them in the face. " But 
ye ken." said om* informant, *' George strtich in fayiher for 
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ihem^^ And perhaps the providential character of the act 
could not have been more graphically expressed than in 
these simple words. 

On his visit to Newcastle, he would frequently meet the 

friends of his early days, occupying very nearly Ihe same 

station, whilst he had meanwhile risen to almost world-wide 

fame. But he was no less hearty in his greeting of them 

than if their relative position had continued the same. 

Thus, one day, after shaking hands with Mr. Brandling on 

alighting from his carriage, he proceeded to shake hands 

with his coachman, Anthony Wigham, a stiLL older friend, 

though he only sat on the box. 

Robert Stephenson inherited his father's kindly spirit 
and benevolent disposition. He almost worshipped his 
father's memory, and was ever ready to attribute to him 
the chief merit of his own achievements as an engineer. 
" It was his thorough training," we once heard him say, 
" his example, and his character, which made me the man 
I am." On a more public occasion he said, "It is my great 
pride to remember, that whatever may have been done, 
and however extensive may have been my own connection 
with railway development, all I know and all I have done 
is primarily due to the parent whose memoiy I cherish and 
revere."* To Mr. Lough, the sculptor, he said he had 
never had but two loves — one for his father, the other for 
his wife. 
Like his father, he was eminently practical, and yet 
" always open to the influence and guidance of correct 
theory. His main consideration in laying out his lines of 
railway was what would best answer the intended purpose, 
or, to use his own words, to secure the maximum of result 
with the minimum of means. He was pre-eminently a safe 
man, because cautious, tentative, and experimental ; follow- 
ing closely the lines of coniiuct trodden by his father, and 
often quoting his maxims. 

* Address as President of the InstituTionof Civil Engineers, Jauuary, 18^6 
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In society Robert Stephenson vf&a simple, uDohtmam 
uid modeet ; but ohanamg and even ^scmating in u 
eminent degree. Sir Jolm Lawrence bas said of h™ iJ»r i 
he was, uf all otJiera, the man he most delighted to meetin 
England — he was bo manly, yet ^iitle, and withal w I 
gi'eat. While admired and beloved by men of such lai'fci [ 
be WBB equally a favourite with women and childKo. fit | 
put himBelf upon the level of all, and charmed them no l«a I 
by hia inezpreseible kindliness of manner than by his simple I 
yet impressive conversation. 

His great wealth enabled him to perform many generoat 
acts in a right noble and yet modest manner, not lettiiig bia 
right hand know what his left hand did. Of the nnmeiwn 
kindly acts of his which have been made public, we msj 
mention the graceful manner in which he repaid the obliga- 
tions which both himself and his father owed to the 
Newcastle Literary and Philosophical Institute, when 
working together aa humble cxperimeoterB in their cottage 
at Killingworth. The Institute was struggling under a 
debt of 62001. which seriously impaired its usefulness as an 
edncational agency. Robert Stephenson offered to pay one- 
half of the sum, provided the local supporters of the Insti- 
tute would raise the remainder } and conditional also on 
the annual subscription being reduced from two guineas to 
one, in order that the nsefolness of the institution might be 
extended. The generous ofEer was accepted, and the debt 



Both father and son were offered knighthood, and both 
declined it. During the summer of 1847, George Stephen- 
son was invited to offer himself as a candidate for the 
representation of South Shields in Parliament Bat hia 
politics wore at best of a very undefined sort; indeed hia 
life had been so much occupied with subjects of a practical 
character, that he had scarcely troubled, himseff to form an; 
decided opinion on the party political topics of the day; 
and to stand the cross file of the electors on the hustingi 
might have been found an even more distreKing oidetJ 
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*nz than the cross-queBtioning of the Ijarristers in the Commit- 
'•• ': . tees of the Honse of Commons. " Politics," he used to say, 
: * - " are all matters of theory — there is no stability in them ; 
!»*., they shift about like the sands of the sea: and I should 
:-r feel quite out of my element amongst them." He had 
. T'^ accordingly the good sense respectfully to decline the 
1-: ^ honour of contesting the representation of South Shields. 
; _-. We have, however been informed by Sir Joseph Paxton, 

:rz, that although George Stephenson held no strong opinions 
on political questions generally, there was one question on 
"Izi which he entertained a decided conviction, and that was 
^,' the question of Free-trade. The words used by him on one 
occasion to Sir Joseph were very strong. " England," said 
:,' he, "is, and must be a shopkeeper; and our docks and 

harbours are only so many wholesale shops, the doors of 
which should always be kept wide open." It is curious 
;,r that his son Eobert should have taken precisely the opposite 
view of this question, and acted throughout with the most 
^- rigid party amongst the protectionists, supporting the Navi- 

^- gation Laws and opposing Free Trade. 

^ But Robert Stephenson will be judged in after times by 

his achievements as an engineer, rather than by his acts 
as a politician ; and happily these last were far outweighed 
in value by the immense practical services which he 
rendered to trade, commerce, and civilisation, through the 
facilities which the railways constructed by him afforded 
for free intercommunication between men in all parts of 
the world. Speaking in the midst of his friends at New- 
castle, in 1850, he observed : — 

" It seems to me but as yesterday that I was engaged aa 
an assistant in laying out the Stockton and Darlington 
Railway. Since then, the Liverpool and Manchester and a 
hundred other great works have sprung into existence. 
As I look back upon these stupendous undertakings, accom- 
plished in so short a time, it seems as though we had 
realised in our generation the fabled powers of the magi- 
cian's wand. Hills have been cut down and vaUeys filled 
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up ; and wlieii these simple espediente have not sufficed, 
high and magnificent viaducts have been raised, and if 
mountains stood in the way, tunnels of unexampled magni- 
tude have pierced them through, bearing their triumphant 
attestation to the iudomitahle energy of the nation, and the 
unrivalled skill of our artisans." 

As respecte the immense advantages of railways to man- 
kind, there cannot be two opinions. Theyexhihtt, probably, 
the grandest oi^nisation of capital and labour that the 
world has yet seen. Although they have unhappily occa- 
sioned great loss to many, the loss has been that of 
individuals ; whilst, as a national system, the gain has 
already been enormoua. As tending to multiply and spread 
abroad the conveniences of life, opening up new fields of 
industry, bringing nations nearer to each other, and thus 
promoting the great ends of civilisation, the founding of 
the railway system by George Stephenson and his son must 
be regarded as one of the most important events, if not the 
very greatest, in the first half of this nineteenth century. 
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Rainhill, locomotive competition at 
215. 

Rasfcrick, Mr., C.E., 219, 25a 

Ravscsworth, ^l of, 46, 82. 
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Rennie, Menn., C.E., t23, 171, 173, 

325. 
Road locomotixi, — Cognot's steom- 

carriaee, 64; Erans and Syming* 

ton's, 65; Trevithick's, 67 ; George 

StepheoBon on, 113. 
Rohei-taon, Andrew, schoolmaster, 24, 

2d. 
Uobins, anecdote of George Stephen^ 

son and the, 265. 
Robison, Dr., his idea of a Locomotive, 

64. 
** Rocket," the, its construction, 210 ; 

arrangements of, 212; wins the 

prize of 500/., 218. 
Koscoe, Mr., his farm on Chat Moss, 

169, 174, 176. 
Ross, A. M., Engineer, 360. 
Royal Border Bridge, Berwick, 311. 
Kutter's School, Benton, 50, 55. 

Safety-lamp, Dr. Clann/s, 92; 
Stephenson's firat lamp, 94 ; second 
lamp, 99; thiixl lamp, 100; Sir 
H. Davy's paper, 92; his lamp, 
101 ; the safety-lamp controversy, 
102; the Davy and Stephenson 
testimonials, 104-6 ; comparative 
merits of the Davy and ** Geordy" 
lamps, 107-8. 

Sailing-waggons on tram-roads, 63. 

••Samson" Locomotive, 227. 

Sandars, Joseph, Liverpool, 147, 149, 
154. 

Sankey Viaduct, 185. 

** Sanspareil " Locomotive, Tim Hack- 
worth's, 214,216,218. 

Spa, the force of, 321, 323. 

Seguin, Mr,, C.E., his tubular boiler, 
210. 

Self-acting incline, 61. 

Sibthorpe, Colonel, on Railways, 231, 
274. 

Simplon Road, Midland Railway com- 
pared with, 257. 

Snibston Colliery purchased by Geoige 
Stephenson, 234. 

Sopwith, Mr., C.E., 96, 297. 

Spanish Railway, George Stephenson's 
survey of, 298. 

Spc xl, railway,— on Middleton Rail- 



SPUB-GEAS. 

waj, 72; Wjlam, 80; KHling- 
worth, 85, 156; Coxlodge, 80; 
Stockton and DarliDgton, 143; G. 
Stephenson before Cemmittee oi 
House of Commons on, 282. 

Speed of engines tried at Rainhill, 
214-19; of the "Northumbrian,' 
224; Geoi'ge Stephenson's views ci, 
282. 

Spur-gear, locomotive, 83. 

Staiths, coal, 10. 

Stationary-engine power, 118, 129 
135, 203, 205. 

Statues of George Stephenson, 354. 

Steam-blast, invention of, 85, 208-11. 

Steam-springs, G. Stephenson's, 112. 

Stephenson family, the, 15, 17, 19, 
21, 39 ; *« Old Boh," 14, 15, 39, 55. 

Stephenson, George, birth and parent- 
age, 13. 15; employed as herd-boy, 
makes clay engines, 16, 17 ; plough- 
boy; drives the gin-horse, 18; 
assistant-fireman, 19 ; fireman, 21 ; 
engineman — study of the steam- 
engine, 22; his schoolmasters, 24, 
48, 60 ; learns to brake an engine, 
26 ; duties as brakesman, 27 ; 
soles shoes, 28; saves his first 
guinea,. 29; fights with a pitman, 
30; maiTies Fanny Henderson, 33; 
heaves ballast, 34; cleans clocks, 
35 ; death of his wife, 36 ; goes to 
Scotland, 37 ; retunis home, 38 ; 
brakesman at West Moor, Killing- 
worth, 39 ; drawn for the militia, 
40 ; takes a brakeing contract, 41 ; 
cures pumping-engine, 42 ; engine- 
wright to the colliery, 46; even- 
ings with John Wigham, 48; 
education of his son, 50-4 ; cottage 
at West Moor, 67 ; the sun-dial, 60 ; 
erects winding and pumping engines, 
61 ; study of locomotive, 62; makes 
his fii^st travelling-engine, 82; 
invents the steam-blast, 85 ; second 
locomotive, 85 ; fire in the maio, 
personal coui'age, 90; invents and 
tests his safety-lamps, 93, 102 ; the 
Stephenson testimonial, 105; nutbei 
improvements in the Killingwnrtb 
locomotive, 110;. constructs tin 
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Helton Railway, 117; sarrojs and 
constructs the Stockton and Dar- 
lington Railway, 128; his second 
wife, 129; starts a Locomotive 
Manufactory, J 32 ; appointed en- 
gineer of Uie Liverpool and Man- 
chester line, 154; examined before 
Parliamentary Committee, 162; 
the Railway across Chat Moss, 173- 
86, 192 ; life at home, 190 ; the 
"Rocket" constructed, 210; pub- 
lic opening of Liverpool and Man- 
chester line, 223 ; engineer of Grand 
Junction, 230 ; purchases Snibston 
Colliery, and removes to Alton 
Grange, 234 ; appointed joint en- 
gineer of London and Birmingham 
Railway, 237; engineer of Man- 
chester and Leeds Railway, 253 ; 
of Midland Railway, 257 ; of York 
and North Midland Railway, 261 ; 
life at Alton Grange, 263 ; visit to 
Belgium and interviews with King 
Leopold, 267 ; takes lease of Clay- 
ross Colliery, 277; lime-works at 
Ambergate, residence at Tapton 
House, 278; appearance at Me- 
chanics' Institutes, 280 ; opinions 
of railway speed, 282 ; views as to 
atmospheric system of working, 
287 ; opposes the railway mania, 
290 ; again visits Belgium, 295 ; 
visit to Spain, 297; retires from 
the pi-ofession of engineering, 301 ; 
Newcastle and Berwick Railway, 
and Chester and Holyhead Rail- 
way, 307 ; habits, conversation, 
&c., 343 ; theory of coal foimation, 
851 ; meeting with Emerson, 352 ; 
illness and death, 354; character- 
istics, 368. 
Stephenson, Robert, — ^his birth, death 
of his mother, 36 ; his father's care 
for his education, 50 ; is put to 
Rutter's school, Benton, 50; sent 
to Bruce's school, Newcastle, 52 ; 
evenings with his father, 54 ; his 
boyish tricks, 55 ; repeats Frank- 
lin's lightning experiment, 56 ; his 
father's assistant, 50, 53 ; gives 
lessons to the. pitmen's sons, 60 ; 



8T0CKT0N. 

calculates the latitude for a sun- 
dial at Killingwoiih, 6\) ; his re- 
collections of the trial of the first 
safety-lamp, 94 ; apprenticed to a 
coal -viewer, 119 ; sent to collie at 
£dinbui^h, 121 ; assists in survey 
of Stockton and Darlington Rail- 
way, 128 ; assists in survey of 
Liverpool and Manchester Rail- 
way, 153 ; leaves England for 
Colombia, 193 ; residence at Mari- 
quita, 196 ; resigns his situation 
as mining engineer, 199 ; rencontre 
with Trevithick at Cartagena, 200 ; 
shipwreck, 201 ; return to New- 
castle, 202 ; pamphlet on the loco- 
motive engine, 206 ; discussions 
with his father as to the locomo* 
tive, 208 ; consti'ucts the " Rocket,'* 
210; wins the prize, 218; im- 
provements in the locomotive, 
221 ; appointed engineer of Lei- 
cester and Swannington Railway, 
232 ; his first tunnel, 233 ; finds 
coal at Snibston, 234; appointed 
joint engineer of London and Bir- 
mingham Railway, 237 ; construc- 
tion of the works, 242 ; overcomes 
the difficulties of the Kilsby Tun- 
nel, 248; letter to Sir Robert Pe^ 
on "undulating railways," 293; 
his extensive employment, 302-3 ; 
the competitor of Brune! , 304 ; 
engineer of Newcastle and Berwick 
Railway, 306; engineer of Royal 
Border Bridge, Berwick, 311 ; en- 
gineer of High Level Bridge, New- 
castle, 312 ; engineer of Chester 
and Holyhead Riailway, 320; con- 
sti'ucts the Britannia and Conway 
Tubular Bridges, 324 ; succeeds to 
his father's wealth, and arranges to 
retire fram business, 357 ; designs 
tubular bridges for Canada and 
Egypt, 357 ; member of Parlia- 
ment, foreign honours^ 366 ; death, 
368; character, 377. 

Stock Exchange and railway specula- 
tion, 289. 

Stockton and Darlington Railway. — 
projected, promoted bv Edward 
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, 123 ; act passed, 125 ; re- 
surveyed by G. Stephenson, 128; 
opening of the Railway, 136 ; the 
coal tiuffic, 138; the first passenger 
coach, 139; coaching companies, 
140 ; increase of the traffic, 141; 
town of Middlesboroogh, 144. 

Strathmore, Earl of; 46, 105. 

Sun-dial at Killingworth, 60, 280. 

Swanwick, Frederick, C.E., 190, 192, 
352. 

Symington, Wm., steam-carriage, 65. 

Tapton House, Chesterfield, 278, 
341. 

Tram-roads, early, 5; Croydon and 
Merstham, 147. 

Travelling by Railway,. 160. 

Trevithick, Richard, C.E., his steam- 
carriage, 67; his tram-engine, and 
sabstitate for steam-^last, 70 ; ren- 
contre with Robert Stephenson at 
Cartagena, 200. 

Trent Valley RaUway, 352. 

Trellis giMer bridges, 360. 

Tring Cutting, 242. 

Tubular boilers, 209. 

Tubular bridges, 334, 339, 360. 

Tunnels, railway,-— Liverpool, 183; 
Primroue Hill, 244; Eilsby, 245 ; 
Watford, 245 ; Litileborough, 255. 

Tyne, the, at Newcastle, 3, 10, 11, 
315. 

Viaducts, — Sankey, 185 ; Dutton, 
254; Berwick, 311; Newcastle, 
312. 

Victoria Bridge, Montreal, 357-66. 



YOUNG. 
YignoUes, Mr., C.E., 171, 185, 204. 

Waogon-boadb, early, 4-7, 16, 63. 

Walker, James, C.E., 159. 

Wallsend, Newcastle, 1, 33. 

Walmsley* Sir Joshua, 297, 299, 371 

Wandsworth and Croydon Tram-way 
69, 147. 

Watfoid Tunnel, 245. 

Watt, James, and the LocomotiTe, 64. 

Way-leaves for waggon roads, 5. 

WeUington, Duke of, and Railways 
223, 274. 

West Moor, Eillingworth, 37, 40, 91, 
108, 

Whitehayen, early Railroad at, 6. 

Wigham, John, Stephenson's teacher, 
48-9. 

Willington Quay, 28, 31-6. 

Wilton, Earl of, 172. 

Wood, Nicholas, prepares di'awmg ot 
safety-lamp, 94 ; is present at its 
trial, 95 ; assists at experiments on 
fire-damp, 98; appears with Ste- 
phenson before Newcastle Institute, 
102 ; opinion of the " Geordy** lamp, 
108 ; experiments with Stephenson 
on friction, 117; accident in pit, 
119; visits Edward Pease with G. 
Stephenson, 126. 

Woolf 's tubular boilers, 209. 

Wylam Colliery and village, 12-14. 

waggon-way, 74, 78. 

ToBK and North Midland Railway^ 

261. 
Young, Arthur, description of earl; 

waggon-roads, 5. 



THE END. 
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SELF-HELP; 

WITH ILLUSTRATIONS OF CHARACTER, CONDUCT, 
AND PERSEVERANCE. Post 8vo. dr. 



*' If I had ftad this bock when I was a youmgnuuu my Ufe would have leen very 
ditfferentV — Such was the remark made to me by a friend on returning Smiles's ' Self* 
Help^' which I had given him to read. I was much struck by the observation ; and 
while thinkins of the immense effect which this inoomiorable book has produced in 
England, and of the universally favourable reception which the Italian translation has 
iec«ived in this country, I received a letter from Signor G. Barbara, in which he invited 
me to write a book similar to the English one, but illustrated by Italian examples. I 
waamuch astonished at his thinking me eaual to the work ; but his valuable suggestion 
delighted me, and I accepted his proposal with much cordiality."— Mich blb Lbssona, 
fax Volere e Pcurm. 

** * VoUre ^ Potert* (* Will is Power '). Such is the title of a very Interesting popular 
work just issued by the eminent Florentine publisher, G. Barbera. The history of this 
production is rather curious It may not be known that the most remarkable literary 
success achieved of late years in Italy (where literary successes are rhe rarest of aU 
evects) has fiUlon to the lot of Mr. Samuel Smiles's admirable 'Self-Hnlp,' an Italian 
version of which, published some time a|;o at Milan, has since gone through several 
editions, and still appears to be in continual demand. The idea of the book was a 
novelty for Italians, and the moral which it inculcates one so eminently deserving of 
being enforced upon all classes of the public in Italy, that the question soon arose 
' whether it would not be advisible to extend the sphere of its utility by promoting the 
publication of a similar book, specially designed for Italian readers, and in which the 
examples of patient industry ana of untiring perseverance in the pursuit of a fixed design 
should be drawn from home materials. An association founded in Florence \»ith the 
express object of stimukuing the educational movement among the people, offered a 
pnze of 3000 f. for the best production of the kind, and all the literary men of Italy were 
mvited to compete. M. Lessona, an agreeable writer upon popular subjects, has already 
entered the lists, and j^nted his work (' Volere h Potere ') without waiting for the award 
of the oonunittee appointed to decide between the rival competitors." — Standard. 

" Une grande sagesse qu'on pourrait appeler la spl«ndeur du bon sens conune Platon 
d^finissait le beau la splendeur du vrai, — tel est le caract^re ()ui distingue surtout ' Self' 
Help/ Ce livre, si populaire ches nos voisina, rtfpond admurablement aux kltfes de la 
famille anglo-saxonne. Recevra-t-il chez nous le mSme accueil? Je I'esp^re, roais il 
aura aussi, je le crains, plus d'un vieux pr^jugtf & combattre. En France, n'a-t-on point 
trop compt^ sur les institutions politiques malgnf la dur6e ^phtfm^re des gouvemements ? 
L'Etat peut faire du premier venu un ministre : il ne saurait en faire un erand homme, 
il mime un fonctionnaire intfegre et capable. II est done bon de cher<^er ^ d'autres 
sources ces Energies morales qui d^veloppent et r^gtoirent les soci^t&." — Revue dtt 
Deux Mondet. 

" Mr. Smiles's book is wise beyond the wisdom of any but a very few books that we 
have read. The chapter on the use and abuse of money we mvst comn.eiiO to the reader's 
own perusal. It is pregnant with practical wisdom, and contains, besides, some excellent 
remarks upon the improvidence of the working-classes, and upon the evils entailed by the 
pursuit of vulgar 'respectability' among their so-cailed supeno~s. 'Self- Help' is one of 
the sountiut, wisest, most tnstructi/o, and most if£.olesom« wcrks we have opened for a 
long time." — Leader 

G.&R.S. 
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CHARACTER: 

A VOLUME OF NOBLE CHARACTERISTICS. Port Sykk. Ss 



OPINIONS OF THE PRESS, 6-r. 

'* This work is so exactly fitted for a gift-book (and indeed a school-bo v or a boy 
leaving school need desire no better one) tmit we are inclined to mention it here. TTixc 
vahie of character above all mere intellectual culture, the blessedness of work, the neoessltip 
of courage and self-control, the sense of duty as the guiding star of life — these are some 
of the topics discussed in ' Character/ — not, however, as abstract propositions, but writh 
the help of a store of illustratiomi drawn from the biographies of great men. The l>oolr 
possesses, if we mav use the expression, a vital force, and can scarcely fail to stimulate 
the reader. The chapters headed ' Companionship of Books,' and 'Companionship is 
Marriage,' will be read with special interest."— /W/ Mall Gaaette. 

" To the lovers of a pure and healthy literature. tht& invigorating and high-tonecJ 
■volume from the pen of the author of ' Self- Help,' will afford realand p;enuine enjoyment. 
lo the clear and attractive style wh<ch has rendered nis previous writings so fle<^ervecily 
papular, Mr. Smiles has here sihown to what a height of mental and moral excellence our 
weak and imperfect nature may attain, and how much true nobility of character it jx%^y 

develop and sustain The last two chapters, on Companionship in Marriage and 

the Discipline of Experience, form a fitting conclusion to so excellent a 



book, and 
pregnant with interest and lessons of the highest wisdom. Tne breadth and soundness of 
the views enunciated in the former on some delicate but universally important topics are 
especially commendable, and should be read and pondered over by all who see a much- 
o^lected source of hap>piness for the people in the elevation of their home-life, and a 
more extensive cultivation of the domestic w\x\.\it!&y'-~Leeds Mercury. 

** Uniform in size with the author's very popular ' Self-Help*' this work is of the same 
tone and cast of thought. Believing that Character is a great power in the world, the 
author treats the various points in wnich it may be developed, or which call it forth. 
Henoe, we have chapters on Home Power, Companionship, Temper, Marriage, Expe* 
rienoe, and abundant citations of examples, so that the work is full of interest. It is 
difficult indeed to limit the good that may arise from these honest, earnest books, full ol 
right thinking ; plain, sensible, and not too full of sentiment." — Publishers* Circular. 

** Readers of Self- Help' wOl need no further inducement to send them in search of 

the new work by the author of that charming book It would be difficult to select 

a book more admirably adapted as a present to a yotmg man or young woman at the 
outset of life. The charm of the style is irresistible ; the moral conveyed altogether 
oniaapeachable." — Manchester Courier. 

" Tlie author of Self- Help' has produced another little book which will soon run ovei 
Iho face of the land, and help to inspire the rising generation with ennobling sentiments. 
la our hunger for facts, we must not overlook the value of ideas. While we are striving 
to give our young people technical information, we must not omit to teach them to he 
Ci\iSiful, high-thougnted, noble men and women. We must foster their abilities, but not 
forget Character. • •, • • Mr. Smiles, in this very charming volume, has brought together 
the opinions and sayings of good and wikr -nen of all tunes, as to the various qiudities 

which go to form character The re.^ lU is a valuable book, calculated as well to 

give delight as to do good."— ^•«<Irf*r. 

" Mr. Smiles has been fortunate in the ctioice of his subject ; and, as a work of wlso 
counsel and thoughtful instruction, the new book is quite as succesj-ful as any of its 
author's previous works. Nor is it any less entertaining. It literally teems with apposite 
and interesting anecdotes, and the writer's style b at once so lively and dignified, that on 
the cos hand he never becomes dry however earaestlv and seriously he discusses Ufejand 
duty : and . on the other, he never degenerates into nippano in his most amnong Ilius- 
tntwrn."— ifojKArf /tfr Examiner^ 
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THRIFT: 

A BOOK OF DOMESTIC COUNSEL. Post 8va 6/. 

** There b no book among the current literature of the day we would rather see in t 
yoling man's hand than this. Although every person in his diaily experience must meet 
with many instances of the folly of unthrift, especially among the poorer classes, the 
frequency of the text, and it is to be feared the disposition of the a^e* render the lesson 
valueless. Domestic economy as an art and a science is an unsfudied subject, and one 
few writers have deemed worthy of their thoughts. We cannot therefore feel sufficiently 
thankful that the able writer of ' SeU-Help * has turned his attention to it, and endea- 
voured, in language that has not only a literary charm about it, but beajrs the stamp of 
philanthropic earnestness, to rouse the interest, and thereby the reflection, of the British 
public in so import^mt a matter of national welfare. The dignity of labour, the necessity 
of inducing habits of saving, the wickedness of extravagant living, the dangers of pro:*- 
perity, and the want of sympathy between employers and employed, are topics on which 
Mr. Smiles speaks hard, and it may be, unpleasant truths, accompanied by a fund of 
illustration, rerhaps no part of the book b so valuable as the dissipation of the super- 
stitious belief in good-luck and the chapter on the art of livin|;. We trust the work will 
be found in every village and public library, that its principles may be disseminated 
broadcast among our youth, and we can assure all that they may enjoy in it many an 
hour's pleasant and profitable xcuixaz,"— spectator, 

" Mr. Smiles deals with some of the leading social questions of the day, such as Co* 
operation and Association. He sketches the sanitary movement, unsparingly satirises 
the feminine follies of fashionable circles, and, lastly, concludes with an admirable essay 
on what may be called the aesthetics of common life. We all know what a book from 
Mr. Smiles is sure to be^ anecdotical, practical, and abounding in good sense and every* 
day wisdom. ^Academy, 



DUTY 



WITH ILLUSTRATIONS OF COURAGE, PATIENCE, AND 

ENDURANCE. Post 8vo. 6j. 

"The good which these books have done to their millions of readers is quite beyond 
computation. They have always been practical, wholesome, and inspiring.'*— ^a9/tfr'« 
MoiUhiy Magatme. 

" The author has produced an excellent book, which for solid usefulness may well 
claim to be preierred to the lighter productions of the time."— /Vs// Mall Gazette, 

** Dr. Smiles Ium achieved the best work when, imimpeded by the conflicting claims 
of party or prejudice, he u able to pass in review those examples of bravery, self- 
devotion, and what, in the best sense of the word, may be called heroism. . • • • Nor 
does he forget to sdr the hearts of his readers with examples of the dutiful love and faith 
of animal , and so move them to a more thorough sense of their reciprocal duty. He 
thus inculcates broad views of duty to man and beast, that command universal approval 
and deserve unquestionable all^iance.** — JSxatmtur, 

" The author writes as one who sympathises with the struggles and the failures of 
those who, in spite of difficulties, are trying to reach a nobler life. And it is this evident 
sympathy, associated with the manly simplicity and directness of his style, his sterling 
good sense, his judicious counsel, and his immense fund of wisely-manipulated anecdote, 
that makes this volume likely to be not only popular, but thoroughly useful." — Ckrittum 
WerloL 

'"The book is replete with all the attractions of its predecessors— so full of anecdote 
diat it will be pleasant to the young as a story-book, while its lessons of wise counsel 
vill fit it eminently to guide its readers in their various paths through life."^7A# Quetn^ 
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LIVES OF THE ENGINEERS; 

WITH AM 

ACCOUNT OF THEIR PRINCIPAL WORKS, 

INCLUDING A 

History of Inland Commanicadon in Britain, and the InventioD and 
Introduction of the Steam-Engine and Railway Locomotive. 

/ou L— Embankments and Canals— Verm uyden, Myddxltoic. 

Perry, Brindley. 

„ IL— Harbours, LiGHTHoasES, and Bridges— Smeatok and 

Rennie. 
in.— History op Roads— Metcalfe and Telford. 

IV. — The Steam-Engine— Boulton and Watt. 

v.— The Locomotive— George and Robert Stephenson. 






Five vols, crown 8vo. 7«. 6d, each, with Portraits and 34a 

Illustrations on Wood. 

*ii* Each Volume may bt had separately. 



OPINIONS OF THE PRESS, ^k^ 
on the first, second, and third volumes. 

a chapter of English history which had to be %rr{tteii, and which, probaltfT, bo mm 
could have written so well. Mr. Smiles has obtained a mass of originsd materiau. It ii 
not too much to say that we now have an Engineers' Pantheon, with a connected naz*^ 
tive of their successive reclamations from sea, bog, and fen ; a history of the growth of 
the inland communication of Great Britain by means of its roads, bridges, canals, and 
railways ; and a survey of the lighthouses, br^dcwaters, docks, and harbours ooustructed 
for the protection and accommodation of our commerce with the worid." — Times. 

** We caxmot but refer in passing to the captivating and instructive voltmies which 
Mr. Smiles has devoted to the ' Lives of the Engineers,' a record not befom attempted 
of the achievementr* of a race of men who have conferred the highest honour and the 
most extensive benefits on their country. ' Who are the great men of the present age V 
said Mr. Bright in the House of Commons, — ' Not your wacr'ors— not your stalesment 
they are your Engineers.' **— Edinburgh Review. 

"Mr. Smiles luis profoundly studied, and has happily ddineated in his hdd and 
instructive biographies^ that remarkable succession of^ gifted minds which has, not by 
lucky guesses, but by woessant labour and by lifelong thought, ^^adually erected that 
nobie example of dominion of num over the earth— the science <ii Engineering; and we 
are proud to know that there are men yet among us who can wield the arms of the 
invincible knights of old, and who wrill leave no meaner memory behind them.*'— <^uaffrr)[^ 
Sieview. 

** Mr. Smiles may fairly claim tbn merit of having produced oac of the most bteresting 
and instructive woncs. He has disoovered almost unbroken ground, and has worked u 



LIVES OF THE ENGINMR6. 



with 90 mudi skill and success that his readors will recognise in his voluxroc an fllustra- 
Ckm of the truth of Lord Macaula/s saying, that history, personal or oarkxaoi, nay 
wKen properly written, be rendered as intetestmg as any wyiti**-~ London Rcvuw* 

" In two handsome volumes, richly illustrated and luxuriously printed, Mr. Smiles 
begins what is in fact a History of the results of Engineering^ Soeuce in this country 
He puts his history into the most interesting form by developing it through suocesGlw 
stones of the Lives <^ the Engineers. Although his subject is' one of the most curiTOS 
and important in the whole history of civilization, and abounds in details that are koowTi 
to delight even our boys, the ground Mr. Smiles traverses is to a remarkable degree bis 
own peculiar possession." — Examiner. 

** Two beautifully illustrated volumes, in which the biographical, hbtorical, and mecha* 
nical materials are graphically adjusted, and m which we have presented to us a com- 
orehsnsive and minute record of English engineers and engineering. By his narrative 
Mr. Smiles has better instructed us in our obligation« to our benefactors. The 
whole theme is full of interest to all orders of mind ; and m usin^ his materials he has 
laboured to make his work as complete in every respect as possible." — British QuarUrly 
Review. 

" In tracing the history of English engineering from the beginning, Mr. Smiles really 
gives a history of English civilization. He has produced a kind of philosophical \m> 
graphy, the progress of discovery and industrial «»nquest having necessarily a general 
correspondence with the mental development of the great representatives ox man's ex- 
tnmal action. We think Mr. Smiles has done what was well worth the doing, with skUl, 
mith honesty, with purpose, and with taste." — Westminster Review. 

** The ' Lives of the Engineeis ' are written in a clear and flowing style, marked b> 
good sense and enlivened by humour ; they are full of curious information, conveyed ia 
a most lucid and easy description ; and each successive hero is drawn with an apprecia- 
tion of character, and a minute exhibition of personal traits, which sets the man almost 
visibly before us in nis distinct individuality, and lends to the history of his struggling 
genius a toudi of almost dramatic interest. To produce this result, much hidden labobt 
must have been employed : for it is the effect of a most careful selection and rigid coa* 
densation of abundant though dry materials. Mr. Smiles has happily hit the mean 
between the barrenness of a brief epitome and the dreary wilderness of a maze of det^ 
What he gives is clear, intelligible, and interesting. But he has not trusted entirely to 
his literary excellence, great as it is ; nis volumes derive an additional charm from their 
numerous and happy iUustrations. Every work of note which has to be described is 
accompanied by a map or plan ; every district, ennobled by the birth or enriched by the 
labours of an engineer, is mapped on the margin of the page ; and bridges, harliours, 
road.s, and aqueducts are turned by the skill of die artist- into most effective decorations. 
I'he history of the engineers is uot only the history of great conquests over nature, but 
also of the triumphs of industry and genius over the artificial obstacles of social rank. 
It presents the most striking instances of that Self-help which Mr. Smiles has elsewhere 
dironided. The full merits of these two charming volumes can be learned only firom a 
peru.sa] of them." — TAe Guardian. 

"There may be many here who have made themselves acquainted with a book that 
cannot be too widely brought into public notice — I mean the recent publication of a 
popular author, Mr. Smiles, entitled 'The Lives of the Engineers.' There may be those 
here who have read the Life of Brindley, and perused the record of his discouragement in 
the tardiness of his own mind, as well as in the external circumstances with which he 
determined to do battle, and over which he achieved his triumph. There may be those 
who have read the exploits of the blind Metcalfe, who made roads and bridges in England 
at a time when nobody else had learned to make them. ^ There may be those who have 
dwelt with interest on the achievements of Smeaton, Rennie, and Telford. In that bode we 
see of what materials Englbhmen are made. These men, who have now become famous 
among us, had no mechanics' institute, no libraries, no classes, no examinations to cbeei 
them on their way. In the greatest poverty, difficulties, and discouragements, theis 
energies were found sufficient for their work, and they have written their nanics in a 
distinguished page of the history of their country.** — The Rig-ht Hon. IV, B . &iadsoi'M 
at Manchester. 

"I have just been reading a work of great interest, which I recommend to you 
notice — I mean Smiles's ' Lives of the Engineers.' No inure interesting books have been 
[Miblbhed of late years than those of Mr. Smiles — his * Lives of the Engineers, his 'Life 
ofGeoige Stephei.3on,' and his admirable little book on ' Self- Help'— « most valuable 
manual."— T^Stf Right Hon. Sir Si^Sn-d Northcou M Exettr, 
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LIVES OF THE ENGINEERS 

OPINIONS OF THE PRESS ON VOL. IV. 

[THB 8T«AM-KNOINB — ^BOULTON AND WATT.] 



*' Mr. Smiles has done wisely to link the names of Boulton aad Watt to^eCher la 
die volume before os. The more we read of the correspondence between these two sreot 
men during the birth of the new motive power, the more we feel convinced that the wocid 
nns to be thankful for their happy partnership. Boulton &«emed by some happy chanoo to 
possess all the Qualities of mmd that were wanting in Watt. . . . From the heaps of 
dusty ledgers in the counting-house at Soho, the author has drawn the materials for tiies0 
deeiMy-interesting lives^ and has so handled them as to produce a vohtme whidi wordiihr 
crowns bis efforts in this most interesting, because before untrodden, walk in literature.* 

" Boulton was the complement of Watt's active intelligence. . . . His is a memory of 
which the leaders of industry in Great Britain may well be proud. His virtues were tJoo 
common virtues which render the English character respected throughout' the world, but 
in him they were combined with admirable harmony, and were unsuUied by any of those 
vices which too frequently degrade the reputation of our countrymen. We cannot read 
of Mr. Boulton's grand struggle to bring the steam-engine into further use without a 
feeling of pure admiration. . . . We lay down this volume with a feeling of pride aad 
admiration that England had the honoar of producing at the sa*ne time two such men, 
whose labours will continue to benefit mankmd to the remotest generation, and with 
gtacuude to the distinguished biographist who preserves for the instruction of the times 
to come, pictures of them so full of liie and reahty." — Daily New*, 

*' Mr. Smiles has been enabled, by the examination of some hitherto unused papers, to 
Ihrow a new light upon much of Watt's career ; and he has shown much skill in usian 
them so as not to become wearisome, and yet to give us a ver^ full and interesting picture. 
'Diere is^ in fact, a ceruin dramatic interest about the early history of the great discovery, 
which Mr. Smiles has well brought out. . . . Boulton b a really noble chsmu:ter, to whoa 
Mr. Smiles has done justice, and whose combinaHon with a man of Watt's marveUoitt 
abilities, but defective practical talents, was of the greatest use to themselves and to die ' 
country."— /W/ Mall GomU; 

" In this volum<' Mr. Smiles has published a highly Interesting and judidously-oon- 
densed joint biosraphy of the two men to whom England owes such an incalculable 
devdjpsent of her wealth and oower during the last century. . . . Mr. Smiles canies 
pleasaritly all who choose to read him carefully, through the hbtory of die various im- 
provements enjpafted by Watt on his original engine, and of the other bdentific invoitioas 
opon which his fertile brain was perpetually at work. He gives, also, a curious aad 
fnterestiiig account of the part taken by Boulton in the prevention of the frigfatfiiUy 
prevalent crime of coining base money, through the application of steam-power to the 
coinage of a fax more sMCurately*struck currency in metal of a more iatrinsic ntlue.* 
^atHrday Rtvum, 

" That Mr. Smiles's wfll be the standiud life of the great engueer is sunply ths 
neOQssity of his greater art as an industrial biographer. His s<iU in weeviug togetlm 
anecdote and description, l ep i^en tatiana of what wm known with « disdact spodficatm 
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of wliat was contributed by his hero ; his dramatic power, ia this Tolume especially, 
exhibited in the contrast of the two partners, — ^the sanguine, specalative character <A 
Boulton ; the anxious, morbid, cautious temper of Watt,— one full of hope in the rcif 
darkest circumstances, the other full of fear in the brightest,— give the volune a wonderfiu 
ehMmu The life of Watt is a i^reat epic of discovery : the narrative of it by Mr. Smlln 
Is an axtisdc and finished poem." — British Qunrttrly Rtview, 

** We *'enture to think that this, Mr. Smiles's most recent work, will achieve even a 
higher popularity than those which have preceded it. We are impressed by this book 
with the fact that hitherto, however highly public speakers and writers may have lauded 
Watt and his achievement?, the general public have really known little or nothing of this 
l^reat man's history, life, and character. Thefte are admirably and graphically d^icted 
'm the volume before us; in the preparation of which the author appears to liave had 
access to a vast mass of authentic documents, of which he has made excellent U2c."- 
Odserver, 

** Mr. Smiles has told the tale of Boulton and Watt's common struggles and common 
triumphs, in his clear, manW style, with sufficient anecdote to illustrate and enridi the 
narrative, and sufficient tec£&ical or scientific explanation to make his readers understand 
die nature of the inventions and experiments which he records." — IVtstminsisr Review. 

" The two men are brought before us vrith all the disdnctness of life. As the pioneers 
of aoplied mechanics, Boulton and Watt commend themselves to the special gratitude 
of those whose pursuits lie in the path wherein they first trud. So, too, in his degree, 
does Mr. Smiles deserve to be remembered for the services he has rendered in thus 
embalming the records of those men to whom England owes so very much of her great- 
aess." — Mechanic^ Magasine, 

" By knitting into one narradve the lives of both men, so intimately related through a 
Quarter of a century that they could only be told as one story, Mr. Smiles has for the first 
nme worthily set forth the history of one of the most memorable manufacturing estab- 
lishments in the whole circle of Knglish commerce. It was a thing well worth doing, and 
Mr. Smiles has done it with the sound knowledge, grace of style, and excellent purpose 
of which all his earlier books have given ample- proof." — Examiner. 

" The story of the labours of these two men is equal in powcor to anything that 
Mr. Smiles hu written ; and although there are numerous biographies of Watt, we are 
certain that there are none which will so faithfully and vividly bring him before the eye as 
this. The * Life of Boulton,' with which that of Watt is now inseparably joined, b one of 
the most perfect contributions which the author has made to KnglisK litcxaLtwee."-^Gla^ini> 
Herald, 

" The lives of these two^ men, so variously but so richly endowed — the work which 
they did, and the courage with which they met and overcame enormous difficulties— are 
more exciting than the story of a great battle. In fact, the two lives might be called the 
•tory of a great battle — the contest of genius and courage with the forces of nature, in 
which .the former obtained the victory. . . . The wonc is in every respect a worthy 
monument to the memory of the great men whose lives and works it commemorates."— 
BinmnghatH Daily Gtuetie. 

" The author of this work is an enthusiast ui bi<^raphy. Of all his published books, 
next to ' Self- Help,' this volume, lately issued, is his most interesting one. The extensive 
ootiecdon of Soho documents to which he has had access, has enabled him to add so much 
that is new and valuable to the story of his hero's career, that hereafter this biography 
duat take the first place as a record of the great inventor." — Atlantic Monthly, 

- A noble volume in every way— ia Undiag, ^aper, print, illustratioas, acd fubjecL 
The ' Lives of the Engineers ' are a series of biographies all Englishmen may read. 
Mrhaps with some sadaest. but certainly with great pleasun and pzida."— //&i:/niM 
lilikiaHNmu 



( 8 ) 

LIVES OF THE ENGINEERS. 

OPINIONS OF THE PRESS OV VOL. V. 

[TBI IXXX>MO'riVX — GEORGI AND ROBE&T STXPUXNSOK.] 



^*»^K»tf»»^>^<^i^>»^»<^^^^ 



" It U a ifaiKular fate that aome of the world's greatest benefactors should pass 6oa 
iie world with their history comparatively unnoticed .... and. we rightly rejoice wfaes 
the claims of anv ''f them are vindicated- -wh^, from tlie hidden company of ihe 
Brindleys and Watts, men risen from the raikks lo do world-wide service, aad 
Incidently to be the architects of their country's later greatness, we can obtain the 
authentic history of such a creator as Geoige btephenson. It is not too much tosaT, 
that by Mr. Smiles, who has performed this office with eminent success, a considerable 
void is filled up in the page of modem history. We see the vast proportions of omt 
modem achievements, and the epic story of this age of iron, more than half comprised in 
the feats of its strongest and most successful worker. I'he worker iumseif, with hs 
noble simplicity and energy, his zeal for his Icind, his native-bom geutlen^s, and 
indomitable tenacity, would probiblv have been eminent in any age or condition of 
society : but, in virtue of his actwil achievements and the obstacles he surmounted, of hk 
fttniggles and triumphs, we may designate him a hero, and ask, in defence of this 
arbitrary title, what real conditions of heroism were there wanting?" — 'rhe Tunes. 

" We should like to see this biography in the hands of all our young men. One 
breathes a healthy, bracing atmosphere in reading this book. It sets before us a fine 
instance of success in life attained purely m the sxercise of genuine qualities. There was 

no sham about George Stephenson He was a great nd good man, and we caa 

give the ' Life ' no higher prabe than to say that it is worthy of its suuject. Mr. Smiles 
IS so anxious to place the character nnd career of Stephenson justly before his readers, that 
he qt'ite forgets hinii>eif. .... We do not know that Ihtire ever lived an individual 
(o whom each separate inhabitant of Great Britain owes so much of real tangible 
advanuge." — Fraaer't M«igaai$u, 

"Whether the remarkable character of George Stephenson, or the work which he 
accomplished, or the manner in which the story of both is here told, be considered, there 
is but one judgment to be pronounced upon this book,, and that is an unqualified approval 
There is not a youth in the kinedom, wncther high-born or low-born who woul9 not find 
in its perusal a healthy and elevating stimulus. I'he demand for the larger work, froa 
which this has been condensed, has been so great, that we are encouraged tu believe that 
In this, hs cheaper form, it will have an enormous circulation. We earnestly hope 
it may. Let no youth or young man who may read these lines omit to procure it ; as a 
possession, if possible ; U not, lor perusal"— J/A-Aa»«:<' Magazine. 

'* It is the f ite of few men, even of those who are the most signal public benefactort, to 
be knjwD and appreciated by the generation in which they Uve. The fame of Gcoqfv 
Stei hen.->on spread slowly, and, g^eat as it has at last bQ<»me,we cannot question that it wiD 
continue to increase with time. Not only is he a surprising example e. a labourer raisins 
himself to wealth and eminence without one solitary itdvantage except what he derived 
from his own genius ; but the direction which that genius took has stamped his namo 

upon the moi^t wonderful achicven-.ent of our age He died, leaving behind him 

Lho highest chsuracter for simplicty, kindness of heart, and absolute freedom from all 
Kudidness of disposition. His virtues sure very beautifully illustrated, and by no means 
exaggerated, in his Life by Mr. Smiles. • •, . • There is scarcely a single page of die 
aroTK which is not suggestive, and on which it would not be profitable tu institute inquirr 
into the results of past experience as co npared with present practice. The whole giouno 
Is novel, and of the highest 'uaiBictat."—Qttarterfy Review, 
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THE HUGUENOTS: 

THEIR SETTLEMENTS, CHURCHES, AND INDUSTRIES IN 
ENGLAND AND IRELAND. Crown 8vo. 7^. 6d. 



" l^he cunning of Mr. Smiles's hand never fails him. He has chosen the prc.<(aic nde 
>f II u^uenot history, and has made it as fascinating as a romance. He has not essayed 
JO depict the religious heroism or^ the social tragedy of the Huguenot story — he has re- 
»tr\cted himself to the economical influence of its migrations, and he has made the statistics 
ft.nd genealogies -of which his work is full — as intere^ing as Homer's lists of ships and 
lieroes, or as M Iton's array of the demi-gods of hell. The process seems very simple 
md easVt but it can be saved from utter dreariness only by consummate art. Mr. Smiles 
has pur:»ued his investigations with a laborious^ minuteness worthy of the Statistical 
Society and of the Heralds' College ; and yet it is as impossible to skip a page, as in 
reading his Life of Stephenson."— 5W/«A Quarterly. 

** Avec un rare d^ssintdressement national et tm sentiment de justice qu'on ne saurait 
trop encourager, un ^crivain Anglais vient aujourd'hui rendre aux Strangers ce que la 
ricne et laborieuse Angleterre du xix*"* siecle doit aux Strangers. M. Smiles est Thistorien 
de la vapeur et de toutes les d^couvertes utiles ; ses htfros sont les inventeurs, les artisans 
calibres, les ing^nieurs, tous ceux. en un mot, qui ont A6to\A ^ la nature un secret uu 
un force pour etendre le r^gue de I'homms sur la matiere. Les conqu6tes de I'industne 
et du commerce le pr^ccupent bien autr^ment que les victoires des armies Anglaises 
. . . . Par la tuurnure de ses id^es et I'ordre de ses' Etudes, M. Smiles 6fCt dune 
pr^partf Sl traiter cet int^ressant sujet, — la naissance des arts utiles chei un grand peuple 
qui, k Torigine, n'avait pas d'industrie." — Revue de$ Deux Mondes, 

*' The work of Mr. Smiles embraces a subject which has never been adequately treated, 
at least in English literature — the history, namely, of the French and Flemish Protestant 
refugees in this country, and their descendants. 

** Of the powerful influence exercised by this immigration on our industrv, commerce, 
arts, literature, even our usages and modes of thought, few are aware. The subject is 
by no means a familiar one among ourselves. The whole revolution, so to speak, took 
place so gradually, the new population amalgamated so readily and thoroughly with the 
old, that people hardly attached to the phenomena which passed under their eyes theii 
real importance. Mr. Smiles's account of it is, therefore, admirably calculated to impart, 
not only new knowledge, but really new ideas, to most of us. 

" To readers who love to dwell on heroic vicissitudes rather than on mere details of 
economical progress, Mr. Smiles's account of the persecution in France, the sufferings of 
the many and Uie marvellous escapes of the few, will prove the most attractive part of 
his work. 

" How this noble army of emigrants for conscience sake — the truest aristocracy, per* 
haps, which has ever developed iti>eif^gradually and peacefully amalgimated with that 
rnass of the English people which they had done so much to enrich and to instruct, Mr. 
Smiles has fully shown. He recounts their euthanasia, if such it may be termed, as he 
does their rise. To one of the great causes of their success, and not in L ngland only, 
he does ample justice. They were, as a body, extremely well educated ; and the^ 
iealously transmitted that inheritance, which they had brought from France, to their 
nhiidren. The poorest Huguenot refugee was almost always a cultivated man. Hence 
their great advantage in the fair race of industry."— /*«// Mall Gazette. 

*'Mr Smiles's book on ' Tt>e Huguenots' is an impr>»ement on anything he has yet 
done, and it deserves a success which, by reason of its very merits, we fear it has no 
chance of attaining. The subject breaks ground that may almost be called fallow. Many 
f chapters of hnglish history, and these not the least interci^tiiig or important, are for the 
fu^t dmc w.itien, with the csuro and breadth they deserve, by Mc Smiles."- London 
Snnew, 



